An investigation into the structure of operational control of driving during the negotiation of urban roudabouts by Whalen, James
An Investigation Into The Structure of 
Operational Control of Driving During The 
Negotiation of Urban Roundabouts 
James Whalen 
University of Surrey 
January 2001 
Thesis submitted for the degree of Doctorate of Philosophy 
ABSTRACT 
This thesis investigates the possible structure of the operational control of driving 
using the manoeuvre of negotiating urban roundabouts. Three different 
methodologies were used to collect empirical data but firstly the technique of 
Hierarchical Task Analysis was applied to the manoeuvre. 
Drivers' verbal protocols were collected and analysed using a twenty-two point 
coding scheme generated by the task analysis. This showed that the task analysis 
covered more than 90% of the procedures verbalised and was therefore an appropriate 
tool to use for further study. A three-level structure was evident and analysing the 
verbal protocol data for repeated drives showed that the structure was stable over time. 
The next empirical chapters look at errors made by learner drivers during roundabout 
negotiation. Principal Components Analyses were used to show how different 
procedures could be grouped together for the three different phases of the manoeuvre; 
approaching, negotiating, and leaving. Procedural errors arising in the different 
phases of manoeuvre were quantitatively and qualitatively different for different 
directions of turn undertaken. The nature of this effect could be identified within the 
proposed three-level structure. Again, similar analyses of data collected in repeated 
drives showed stability over time. 
Out of the total numbers of errors committed by the learners 25% were found to be 
errors in the control of the vehicle and were not accounted for by the coding scheme. 
Further data was therefore collected using an instrumented car to show the use of the 
car controls. This data suggested that the physical procedures used in driving formed 
a fourth level to the structure previously described. 
The four level structure is then compared with van der Molen and Botticher's (1988) 
three level hierarchy of cognitive control in driving and also with schema theory. The 
operational control of driving is more complex than the closed loop processing 
described by van der Molen and Botticher (1988) and seems to be schematic in nature, 
being best described by Norman's (1981) Action Trigger Schema system theory. The 
use of Hierarchical Task Analysis to study a complex task has been validated by this 
thesis. 
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1.1.0 Introduction 
This thesis will study the processing structure that drivers use to negotiate a particular 
manoeuvre. The structure that is revealed in drivers' behaviour will then be 
compared to the hierarchical model of driving described by van der Molen and 
Botticher (1988) and schema theory to determine which of the two theories best 
describes the processing required for the task of negotiating a roundabout. This will 
help us understand, and perhaps be able to predict, what drivers may do in a particular 
situation. A comprehensive understanding of what is required of drivers during 
manoeuvres will help with several road safety related endeavours such as driver 
training, vehicle design and the layout of road furniture. 
A brief outline of some accident statistics highlights the importance of improving 
road safety. Data from the European Transport Safety Council (ETSC) (1999) 
showed that across the 15 EU member states there are 43,000 road deaths per year, 
and an estimated 3.5 million casualties. On average, 10 people are killed and 120 
seriously injured every day on British roads. It is estimated that in an individual's 
lifetime, the probability of dying in a road accident is about 1 in 200, and of being 
seriously injured is about 1 in 14 (Forsyth, 1998). It is important to note here that are 
high-risk groups (e.g. younger drivers (Maycock, Lockwood and Lester, 1991; those 
who commit violations, Stradling, 1997)) and low-risk groups (e.g. advanced drivers, 
Elander, West and French, 1993) which may cause an individual's likelihood of being 
involved in an accident to be higher or lower than the probabilities put forward by 
Forsyth (1998). Various safety measures have been implemented that have had some 
effect in reducing casualties on our roads. Rear seat belt legislation, for example, is 
estimated to save 140 lives and 1,800 serious injuries per year. The introduction of 
20 mph zones in urban areas has typically been reported to reduce accidents in 
general within the zones by about 60% (Forsyth, 1998). 
This thesis will concentrate on what drivers need to do in order to complete a 
manoeuvre and will not examine other driving related issues such as attitude, driving 
whilst impaired (e.g. driving whilst under the influence of alcohol or drugs) or age 
effects on driver performance. Once a sound understanding of the requirements that a 
particular manoeuvre imposes upon drivers has been achieved it will help to predict 
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what types of hazards may pose difficulties for drivers (e.g. a unusual variation in the 
layout of a junction). It will then be possible to implement measures that help drivers 
(such as placing an information sign on the approach to an unusually laid out 
junction) and therefore reduce the possibility of an accident occurring. An important 
first step in this process will be to identify, understand and be able to predict the 
structure that drivers use when undertaking a manoeuvre. This thesis aims to study 
the processing structure used by drivers whilst negotiating a roundabout and to decide 
which of two theories; the three-level model of cognitive control (van der Molen and 
Botticher, 1988) or schema theory, provides a better account for the behaviour that is 
observed. 
1.2.0 Ovenriew of Thesis 
This thesis will examine the structure of the operational level of driving as applied to 
the negotiation of urban roundabouts, using three different methodologies: verbal 
protocols, error data and an instrumented car. A wide range of methodologies have 
been chosen in order to increase the likelihood of capturing the important elements of 
the driving task within the drivers' behaviour. This will help ensure that the structure 
being developed is an accurate representation of the driving task. 
It is envisaged that there will be three stages to the development of the structure of the 
operational level of driving: 1) a task analysis (Chapter 2) will be carried out on the 
task of negotiating roundabouts, 2) the results produced by this task analysis will then 
be used as a coding scheme to analyse drivers' concurrent verbal protocols (Chapters 
3 and 4) and learner drivers' errors (Chapters 5 and 6) and 3) an instrumented car will 
be used to collect data relating to the use of car controls at urban roundabouts 
(Chapter 7). 
Driving is a complex behaviour. As a result it is both difficult to develop adequate 
models of the behaviour involved, and to be sure that data collected fully capture 
drivers' behaviour, or provide a sufficient basis for testing models. Because of these 
difficulties, this thesis adopts a relatively neutral position with regard to models of 
driver behaviour and related cognitive models, and seeks to provide a very broad 
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range of data about behaviour in one, relatively simple, driving scenario; using a 
roundabout. 
Given the complexity of driver behaviour, encompassing as it does everything from 
motor perfonnance to human motivation, an adequate model of driver behaviour is 
reasonable to assume that behaviour must be controlled at a variety of 'levels'. That is, 
the model must be capable of describing and predicting individuals' decisions to take 
their cars rather than walk. It must be capable of predicting and describing how some 
general level of caution permeates their behaviour once behind the wheel, as well as a 
more circumstance based determination to drive at a particular type of speed, 
proximity to other vehicles, etc. The model must also be capable of specifying how 
the driver will interact with other road users, as well as enabling them to derive 
situation specific action-plans for achieving these temporary goals. At a still finer 
grain, the model must be capable of predicting and describing which actual actions 
will be performed, and controlling their execution. 
In short, the most obvious way in which to model driver behaviour is to rely on a 
multi-level framework, in which aspects of the behaviour is represented at different 
levels of generality, each subject to its own controls. Two types of account of human 
behaviour- one derived from cognitive schema theory, the other from process control-
will now be described. These are chosen because they have, in principle, both the 
multi-level and control characteristics that are essential for a successful modeL The 
first of these makes no claims to be regarded as a model of driver behaviour; the 
second has resulted in perhaps the best-articulated model of driver behaviour that 
currently exists. Schema theory is considered first. 
1.3.0 Schema Theory 
In 1932 Sir Frederic Bartlett published a book called Remembering which put forward 
a view of memory in which subjects recalled new material in terms of existing 
structures in memory that he called schemas. For Bartlett, a schema referred to an 
action-oriented organised structure that captures our knowledge and expectations of 
some aspect of the world. Although our understanding of schemata and the role they 
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play in action and memory has been greatly extended by many authors since the~ the 
fundamental attributes of schema theory are still finnly based on the work of Bartlett. 
In the sections below the central aspects of schema theory (i.e. knowledge storage, 
information retrieval and knowledge acquisition) are described. A comprehensive 
review of schema theory itself is outside the scope of this thesis. 
1.3.1 Knowledge Storage in Schema Theory 
Schemata are discrete, abstract knowledge structures that represent past actions or 
experiences. They are not abstract rules, but are derived from (repeated) experience. 
Schemata can represent knowledge of all kinds, from procedural knowledge of driving 
to our understanding of what to expect at a psychology conference, to the knowledge 
of typography we might use to decipher the letters on the programme of that 
conference (Groeger, 1997). Schemas do not map directly onto any single event but 
instead represent generic concepts and are types rather than tokens (Morton and 
Bekerian, 1986), that is they are generic rather than individual situation specific. 
Schemas can be considered hierarchical in nature as many theorists argue that 
schemas are organised at different levels of abstraction. Each schema is assumed to 
cover only a limited range of knowledge or actions. Norman (1981), for example, 
argued that there were three levels of schemas: parent, child and intention schemas. 
Parent schemas are at the highest level and have subschemas (the child schemas). 
Each child schema may act as a parent schema to further child schemas. The concept 
of an intention schema is equated with the initial, highest-level parent schema 
(Norman, 1981). A particular schema is made up of slots, variables and memory 
traces. 
Slots contain pieces of information about an event that are recurrent (or are nearly 
always true). Thus, for example, the schema for the concept DOG would contain 
constant parts (the slots) such as "a dog has legs" and "a dog is a mammal." An 
example of a variable in the schema for dog would be its size as dogs can vary 
tremendously in size. An important feature of slots and variables is that they have 
default values. That is, the schema contains information about what values to assume 
for incoming information that is unspecified (Rumelhart and Norman, 1985). An 
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example of a default value would be the default value "four legs" for the slot 
mentioned above "a dog has legs." If a friend told you they had a dog before you 
visited them you would assume it had four legs. However, when meeting your 
friend's dog you discover that one of its legs is missing. In this situation the default 
value of "four legs" would be overcome by the explicit information received though 
the visual system. 
When particular aspects of an event are sufficiently irregular or unexpected, in terms 
of the schema that has been activated, to have consequences for the organisation or the 
contents of the schema itself, episodic traces of the relevant deviations are formed 
(Groeger, 1997). These represent the lowest level of the schema and such deviations 
are labelled with pointers that serve to identify each with the schema with which they 
are associated (Schank, 1981). These memory traces can eventually lead to schematic 
modification or even new schemas being formed as a result of the new experience 
(Morton and Bekerian, 1986). 
According to schema theory knowledge is stored within schemata. These schemata 
are made up of slots, variables and memory traces. The schemas can embed into one 
another forming different levels; giving rise to what Norman (1981) termed parent and 
child schemas. The next section outlines how information is retrieved in schema 
theory. 
1.3.2 Information Retrieval in Schema Theory 
Any experienced event will evoke the general structure available from memory that 
offers the best match to the information being processed. This will be instantiated, 
that is, the empty slots of the schema are filled with perceptual or schema derived 
information (Groeger, 1997). The consequence of this process is that the schema 
seeks further information relevant to its own appropriateness. This leads to the 
schema eventually switching off other schemas at the same level of abstraction 
(Morton and Bekerian, 1986). 
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Schemas that are embedded within the chosen schema may continue to operate (e.g. a 
schema for dogs may be embedded within a schema for mammals). Schemas however, 
only invoke actions when they have been triggered, and this requires satisfaction of 
trigger conditions plus a sufficiently high level of activation (Lourens, 1990). Using 
the mammal example it may be that there are schemas for dogs and cats embedded 
within the mammal schema. When a particular animal is seen the information being 
processed when certain trigger conditions are met may activate the dog schema 
leaving the cat schema uninstantiated. 
Pichert and Anderson (1977) have provided an example of how schemata can affect 
information retrieval. They presented the participants with stories that could be 
viewed from two perspectives (e.g. the description of a house from the perspective of 
a buyer or burglar). Information that was relevant to one perspective was irrelevant to 
the other. They found that the participants preferentially recalled the information that 
was consistent with the perspective from which they read the story. Two possible 
explanations for these results could be: 1) the biasing may have lead to only one of 
the two schemata the participants possessed being activated and 2) the information 
irrelevant to their perspective may not have been permanently encoded or may been 
encoded but processed less elaborately than the relevant information (Alba and 
Hasher, 1983). The schema that has been found to be the best match for the incoming 
information therefore guides information retrieval in schema theory. The schema that 
has been selected to help the process the new information will affect what is recalled 
at a later date about the event. The next section considers how new information is 
acquired in schema theory. 
1.3.3 Knowledge Acquisition in Schema Theory 
Rumelhart and Nonnan (1981) argued that the adoption of the schema as the basic 
unit of knowledge representation has implicit in it three qualitatively different kinds of 
learning. The three types of learning that they considered relevant were as follows: 1) 
accretion, 2) tuning or schema evolution and 3) restructuring or schema creation. 
These different types of learning are briefly covered in the next four paragraphs. 
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The term 'accretion' refers to the encoding of new information in terms of existing 
schemata. This occurs when new information is interpreted in terms of relevant pre-
existing schemata, and some trace of this interpretation process remains after the 
processing is complete. This trace can serve as a basis for a later reconstruction of the 
original input. Thus, processing information changes the system, giving it the ability 
to answer questions it could not have previously answered. The system has thereby 
learned something new. This is presumably the most common and least profound sort 
of learning. Note that no new schemata are involved in this sort of learning. An 
organism that learned only in this way could never gain any new schemata; all 
learning would be in terms of instantiations of already existing schemata (Rumelhart 
and Norman, 1981). The next paragraph provides and example of how a schema may 
be modified by tuning. 
Rumelhart and Norman (1981) took the view that that the most common way in which 
people apply knowledge learned in one domain to another one is through analogical 
reasoning. The fundamental process of learning by analogy is taking a schema and 
creating another one identical to it except in specified ways. An example of this 
would be a driver learning how to select gears in a manual gear change car. Having 
mastered changing from first gear to second, the only adjustment required in the 
routine required to change gear (hand on gear lever, disengage the clutch whilst 
releasing the accelerator slightly, select the appropriate gear, re-engage clutch and 
replace left hand back onto the steering wheel) would be the third step (select the 
appropriate gear) where the driver would need to learn how to move the gear lever 
from second gear to third gear. How evolution and structuring can help create new 
schemata is outlined next. 
Two processes create new schema; evolution and structuring. Evolution refers to a 
particular schema being tuned through repeated exposure to the appropriate task and 
modifYing it to conform better to its task. Often during this process memory traces 
become variables or eventually slots if they are repeated with sufficient frequency. 
Structuring refers to the construction of new schemata, often by changing a few 
details. An example of this would be a schema for watching a programme on 
television being revised to create a schema for watching a programme on video. 
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Once created new schemata no longer depend on the schemata from which they were 
spawned but are full-fledged procedures in their own right with all the features of 
procedurally represented knowledge. However, a number of schemata, all spawned in 
different ways from the same schema, will share a good deal of common structure, 
and it is possible to compare pairs of them to find the pattern of modifications 
required to get from one to the other (Rumelhart and No~ 1981). 
1.3.4 Summary and an Example of Schema Theory in a Driving Context 
Thus far the term schema has been used quite deliberately in the context of memory. 
Schmidt (1988), among others in the motor control literature, use the term 'schema' to 
refer to a program of organised action, such as typing ones own name (i.e. highly 
familiar routine, which they would claim is 'automatic' (but see Groeger, 2000). 
Schmidt's notion also includes the assumption that schemas are organised 
hierarchically, that they are activated in an all or none fashion, and are triggered when 
some setting condition in the world is 'recognised'. While this usage of the term 
within the motor control literature has much in common with the foregoing review, 
the term schema is used more loosely, without always making explicit the 
assumptions on which it is based. For that reason, and because the motor control usage 
does not encapsulate higher order aspects of behaviour (e.g. planning and decision 
making), this thesis remains will continue to use the term schema within its broader 
original meaning. [Only in the penultimate chapter will data be presented which 
closely relate to actual motor control.] 
The characteristic assumptions of schema theory have been well summarised by 
Morton and Bekerian (1986; see also Rumelhart and No~ 1981; Thorndyke, 
1977). Morton and Bekerian (1986) listed 12 kernal assumptions (in their 
terminology kernal assumptions define the framework of a theoretical approach) of 
schema theory: 1) Schemata are discrete, abstract knowledge structures which 
represent past actions or experiences, 2) Schemata are unique however for some 
theorists there can be duplication of subparts. 'Paying the cashier' may appear in a 
restaurant script as well as a train trip script, 3) Regular elements of an event type are 
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FiWe 1 1· Possible Schematic Structure at a Roundabout . 
~Drlvmg_~ 
--=:::::::::::: 
-Recurrent Slots Junction Manoeuvre Traffic 
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Information (Roundabout) (Control) (Monitoring) i : 
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Values way to direction of ! speed I 
the right travel ion I I ! ! approach, I 
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/ 8 r Size " Variable Variables l§ Type \Number of\ Information of turn \ ,!--anes . 
I G l 
~/ 
8 I 8 ---------Default , Cars I 2 Values \ ! '---- ' 
Highly Unusual Give-way lines in roundabout, causing one to stop whilst actually 
Events Memory in junction. Traffic lights controlling entry into junction instead 
Traces of give-way lines. Six exits instead of three. 
Adaptedfrom Groeger (1997) 
I t may that be in the driving domain there are several different types of schemata such 
as the roundabout example illustrated above. However, schemata for different types 
of junctions (e.g. a cross-roads) may have similar slots (e.g. junction, manoeuvre, 
traffic, activities). The default values for the individual slots will not necessarily be 
the same. For example, the default value for manoeuvre of "clockwise direction of 
travel" at a roundabout will not be the same when a driver is negotiating a crossroads, 
as traffic does not flow in a circular fashion at such junctions. 
When a particular schema is selected, or instantiated, the slots are filled with either 
default values or explicit information. The consequence of this process is that the 
schema seeks further information relevant to its own appropriateness. This leads to 
the schema eventually switching off other schemas at the same level of abstraction 
(Morton and Bekerian, 1986). In the driving domain once enough information is 
received to confirm it is a roundabout schemas for crossroads or t -junctions will be 
switched off. Schemas that are embedded within the chosen schema may continue to 
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operate (e.g. a schema for left turns that may be embedded within a schema for 
roundabouts) . 
When particular aspects of an event are sufficiently irregular or unexpected, in terms 
of the schema that has been activated, to have consequences for the organisation or the 
contents of the schema itself, episodic traces of the relevant deviations are formed 
(Groeger, 1997). These represent the lowest level of the schema and such deviations 
are labelled with pointers that serve to identify each with the schema with which they 
are associated (Schank, 1981). An example of such a memory trace in the above 
diagram is '"traffic lights controlling entry into junction instead of give-way lines." If 
this situation was encountered repeatedly it could become a variable. If this did occur 
the default value of "give way to the right" for the junction slot in the diagram above 
would be an example of variable information as drivers would need to look for 
different features when deciding whether to enter the roundabout (e.g. give-way lines 
or traffic lights). This is more likely to occur when a driver lives in a large urban area 
rather than a rural village. Therefore the experiences a driver has can affect the nature 
of the schemata they develop for driving. 
To summarise, schemas can be considered to be hierarchical discrete knowledge 
structures that represent past actions or experiences. For present purposes, four 
characteristics should be observable in any schematic task: 1) the existence of 
recurrent, variable and episodic information, 2) it should be hierarchical in nature and 
3) related lower-levels of the task will share the same structure and 4) an individual 
schema will consist of slots, variables and memory traces. The above paragraphs and 
diagram (Figure 1.1) have outlined how the driving task may exhibit these 
characteristics. Schemas can also embed within one another and the schema that 
offers the best match to the information being processed inhibits schemas at the same 
level of abstraction but not those embedded within it (Groeger, 1997). In driving there 
may be parent schemas for the type of junctions (e.g. roundabouts, cross-roads, t-
junctions) and child-schemas for the different directions of turn (e.g. straight, left, 
right). This thesis will be largely concerned with assessing the evidence for the 
suggestion that driving is schematic. Before doing so, however, a second type of 
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hierarchical model will be introduced, which largely derives from the process contro 1 
literature. 
1.4.0 Control process theory 
Two related theories dominate accounts of human error and performance in process 
control settings: Ramussen's skill-rule-knowledge framework (Rasmussen, 1987) and 
Reason's generic error modelling system (1990). Ramussens' theory is outlined first. 
1.4.1 Ramussen's Three Level Theory of Error 
Ramussen (1981) based his theory upon the analysis of errors made by process-control 
operators in the nuclear industry. He differentiated among skill-based, rule-based and 
knowledge-based behaviours. These three levels are based on different modes of 
information processing and behaviour control (van der Molen and Botticher, 1988). 
Skill based behaviour represents the lowest level of the hierarchy and involves 
automated schemata, consisting of well-learned procedures. Rule-based behaviour 
involves automated activation of rules or productions. At the highest level, 
knowledge-based behaviour involves conscious problem solving and is generally 
invoked in novel situations for which no existing rules are applicable (Ranney, 1994). 
The matrix below (Figure 1.2) may help illustrate the nature of the model (Hale, Stoop 
and Hommels, 1990). The matrix uses driving tasks that have been classed according 
to three levels of task description (planning, manoeuvre and control) that has been 
proposed by Michon (1985) to illustrate Rasmussen's (1987) three levels of behaviour 
(knowledge rule and skill). 
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Figure 1.2: Matrix of Driving Tasks 
Planning Manoeuvre Control 
Knowledge Navigating in a Controlling a Leamer on their 
Strange town skid on icy roads first lesson 
Rule Choice between Passing other Driving an 
Familiar routes cars unfamiliar road 
Skill Home/work travel Negotiating Road-holding 
familiar junctions round comers 
In the matrix above (Hale, Stoop and Hommels, 1990) tasks for the experienced driver 
cluster along the diagonal from the top left to the bottom right and in the bottom left-
hand quadrant whereas for the novice driver they are mainly in the top right quadrant. 
Reason's (1990) generic-error-modelling system also makes use of the three levels of 
behaviour suggested by Rasmussen (1987). Reason's model is briefly outlined below. 
1.4.2 Reason's Generic-error Modelling System 
Reason's (1990) generic-error modelling system (GEMS) has incorporated 
information-processing mechanisms into Rasmussen's taxonomy in an attempt to 
show how control shifts between levels. There are two types of error that are 
identified by the model: monitoring failures (which precede the detection of a 
problem) and problem-solving failures (which follow the detection of a problem). 
Monitoring failures are outlined first. 
Reason (1990) has identified two categories of monitoring failure: 1) inattention 
(distraction) and 2) overattention (preoccupation). Periodic attention checks are an 
important part of well-practiced (skill-based) actions. These checks are intended to 
determine whether the actions are running according to plan and whether the plan is 
still adequate to achieve the desired outcome. The scheduling of attention checks can 
be a critical factor contributing to the occurrence of a monitoring failure. Attentional 
checks should occur near critical choice points, particularly if the planned action is not 
the most frequently used choice. For example, if a driver selects a route that 
corresponds initially to a highly familiar and frequently used route, but later requires a 
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change, the likelihood of error may depend on whether an attentional check occurs 
slightly before the point at which the driver must deviate from the highly practised 
route (Ranney, 1994). Problem-solving failures are outlined next. 
Problem-solving failures occur when an operator attempts to apply inappropriate 
rules. This derives from the assumption that human problem-solvers are strongly 
biased toward looking for an existing solution at the rule-based level before resorting 
to the considerably more effortful knowledge-based solution (Ranney, 1994). An 
example ofa problem-solving failure within driving would be a learner driver 
applying more pressure to the accelerator instead of changing down to a lower gear in 
a situation where the car engine is labouring at a low road speed in a high gear. Once 
an attentional check results in the detection of a problem, control will shift from the 
skill-based to the rule-based level. If an applicable rule can be found, it will be 
activated; however control will remain at the rule-based level until it has been decided 
that the new rule will solve the problem. Ifit is decided that the new rule is 
appropriate control will once again shift to the skill-based level in order to carry out 
the solution. However, ifno applicable rule can be found to address the immediate 
problem, control will eventually shift to the knowledge-based level. Reason (1990) 
suggests that this shift of control occurs when the problem-solver becomes aware that 
there are no existing rules that provide the appropriate solution for the problem. 
Reason's GEMS model represents a combination of cognitive processing mechanisms 
and hierarchical control theory. Specifically, automatic versus controlled processing 
is interpreted within the context of Rasmussen's (1987) three-level control hierarchy. 
This model is also consistent with motivational models of driving in that subjective 
uncertainty is viewed as the mechanism that triggers a shift in the allocation of 
attentional resources (Ranney, 1994). Theories of error, motivational models of 
driving and the wide range of behaviours that have been studied within driving, 
ranging from changing gear (Duncan, Williams and Brown, 1991) to intentions to 
commit violations (Parker, Manstead, Stradling and Reason, 1992), lead to the 
expectation that driving may be an hierarchical task. The next section outlines a 
three-level hierarchical model of driving which attempts to explain, using principles 
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derived from the Rasmussen (1987) and Reason (1990) models, how driving might be 
controlled. 
1.5.0 A Hierarchical Control Model of Driving 
The model of driver behaviour developed by van der Molen and Botticher (1988), 
which is considered in some detail here, followed earlier related work by Michon 
(1985; Janssen, 1986). The purpose of this model is to provide a structural framework 
that allows a description of the perceptua4 judgmental and decision processes of 
traffic participants at all levels of traffic tasks (Molen and Botticher, 1988). This 
section outlines why the model was formulated, describes the model and discusses its 
plausibility. The reason the model was formulated is described first. 
Having reviewed risk models in psychology, Botticher and van der Molen (1985) 
considered there were three major models that claim to be generally applicable to a 
wide range of traffic situations and are so specific that they can be considered to be 
psychological process models. These were: a model of the driver's decision making 
and behaviour (Naataen and Summala, 1974, 1976), theory of risk homeostasis (Wilde 
1981) and the threat avoidance model of driver behaviour (Fuller, 1984) which is 
based to some extent on previous two models. All three models emphasize the 
motivational aspect of the risk concept, i.e. drivers are supposed to be motivated to 
keep risk levels below or at specified levels. 
van der Molen and Botticher attempted to 'run' the models on a relatively simple task, 
i.e. deciding whether or not to overtake a lorry in the face of oncoming traffic in order 
to maintain a predetermined ideal cruise speed which would be likely to result in 
being on time for a concert. Using this exercise they learned that the three models 
contained components that were not clearly defined, or even contradictory. Therefore 
it was often not clear how the models would or even could operate on the data (van 
der Molen and Botticher, 1988). The structure of their model is described below. 
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1.5. 1 Three-level Structure 
A new model was formulated which allows calculations in terms of both behaviour 
alternatives and the SUbjective probability and utility aspects of behaviour outcomes. 
The risk concept was more sharply defined as well. Further, it explicitly takes into 
account that traffic tasks can be conceived as hierarchically structured (van der Molen 
and Botticher, 1988). Their model is illustrated below (Figure 1.3). The purpose of 
the model is to provide a structural framework that allows the description of the 
perceptual, judgemental and decision processes of traffic participants at all levels of 
traffic tasks. The model is hierarchically structured with a strategical, a tactical and an 
operational level. These three levels are briefly described below. 
At the strategic level, which represents the highest level of the hierarchy, route 
planning takes place, as well as mode choice, assessments of desired cruise speed, 
estimation of travel time, etc. Plans made at this level influence judgements at the 
tactical level in the form of strategic plan motivation. Comparisons are also made at 
the strategic level between the tactical (manoeuvring) plans and the strategic plan. 
When they are no longer compatible, the strategic plan has to be revised (van der 
Molen and Botticher, 1988). An example of this would be a driver arriving at a 
junction intending to turn to the right but finding that his way is blocked due to road 
works has to revise his route plan in order to reach the destination required. 
The tactical level involves negotiation of common driving situations such as curves or 
intersections, gap acceptance in overtaking or entering the traffic stream, and obstacle 
avoidance (Ranney, 1994). This is achieved by formulating concrete manoeuvre plans 
(such as a left turn at a roundabout). These manoeuvring plans are actually carried out 
at the operational level: predetermined course and speed are maintained by 
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means of steering movements, accelerator movements and other basic skills. Also 
taking place at the operational level are emergency reactions in order to avoid possible 
threats that are suddenly realised. How the model operates is outlined next. 
1.5.2 Processing Mechanisms in the Three-level Model 
The hierarchical risk model operates by comparing the physical environment with the 
internal representations a driver has at each level of the hierarchy. The physical 
environment at the strategic level consists of possible routes, traffic modes, etc. At 
the tactical level it comprises the vehicle and the concrete traffic situation that the 
driver finds themselves in and its further developments. At the operational level the 
physical environment consists of the vehicle controls and the small-scale movements 
of the driver's own vehicle and others on the road. The driver's perception of the 
physical environment is influenced by the already existing internal representations of 
similar situations (the knowledge one has about the particular environment, or type of 
environment, and possible developments that may take place). It also includes 
knowledge about one's own skills and limitations and about interactions with the 
environment and the possible consequences of these (van der Molen and Botticher, 
1988). 
The internal representation a driver has about a particular situation leads to the 
integration of the expectancies (referred to as accident expectations and other 
expectations in the model) and the motivations (referred to as safety motivations, other 
motivations and the strategical plan motivations in the model), a process which 
produces the judgements. Integration may take many forms and some people may 
give more weight to expectations, others to motivations. An individual may also use 
different integration methods under different circumstances, for instance when in a 
hurry (van der Molen and Botticher, 1988). 
The decision components displayed above (Figure 1.3) are used to determine which 
particular course of action should be undertaken by applying decision rules to the 
judgements (Risk Judgements and Other Judgements). These decision rules may vary 
intra-individually and inter-individually: intra-individually, for example, because of 
variations in time pressure, inter-individually, for example, because of the assignment 
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of different weights to Risk judgements and Other Judgements. The decisions lead to 
the choice of a behavioural plan. This can be an original plan or a corrected version 
if the original plan did not prove to be feasible when it was carried out (van der Molen 
and Botticher, 1988). The effectiveness of three-level model is discussed below. 
1.5.3 Evaluation of the Three-level Model 
The incorporation of a hierarchical structure, together with the inclusion of 
mechanisms that enable control to switch between levels, which were proposed by 
Michon (1985) as criteria for a comprehensive model of driving behaviour, have 
provided new impetus for modelling efforts (Ranney, 1994). However, the model has 
not been without its critics. Groeger (1999) noting that while useful, there are many 
problems inherent in such an account of how drivers' behaviour is controlled and 
influenced. Two are specifically identified: 1) the degree of interaction between the 
levels of the hierarchy, 2) the oversimplification of the relationship between practice, 
experience and the type of control exercised over the task at hand. 
Others have also pointed to shortcomings in the account. Michon (1989) for example, 
points out that how the different levels of the model interact is not clearly explained. 
He goes on to suggest that the model mimics the structural elements of the task 
environment rather than explaining how these task elements are brought about by 
underlying processing mechanisms. The approach by van der Molen and Botticher 
(1988) reflects, in Michon's (1989) opinion, a common type of conceptual error 
resulting from confounding the rational level and the functional (process) level. In 
order to make the behaviour of a driver appear to be governed by information 
processing at three levels, his cognitive apparatus is supplied with components that 
reflect these levels (Michon, 1989). 
While these are telling criticisms, the van der Molen and Botticher (1988) model 
remains the most fully articulated account of psychological aspects of the task of 
driving. For that reason it is a major influence on the direction of this thesis- the 
purpose of which, after all, is to assess the evidence for hierarchical control of driving. 
Such evidence of 'hierarchical' control may emerge because driving does indeed 
20 
closely approximate the van der Molen and Botticher (1988) model. However, it may 
equally arise, as we have seen earlier, because a schema-like structure is eventually 
learned by the driver, simply because that is the way in which knowledge is structured 
in human memory. 
1.6.0 Conclusion 
Neither the schema account, well based as it is in the empirical memory literature, nor 
the van der Molen and Botticher model (1988), well grounded as it is in the driving 
task, make clear alternative predictions about driving. Because of this, the approach 
adopted throughout this thesis is to assess what from a broad range of data is 
consistent with one or other approach. Since the intention was to consider a very 
broad range of data- verbal protocols, driver errors, and routine performance- it was 
considered essential to 'ground' the research in a particular context. That chosen was 
driving at a roundabout, a task analysis for which is presented in the next chapter. 
21 
Chapter 2 Task Analysis of Complex Behaviour: 
Driving at a Roundabout 
Contents 
2.1.0 Introduction 23 
2.2.0 Hierarchical Task Analysis 23 
2.2.1 HT A Procedure 23 
2.2.2 Roundabout Task Analysis 25 
2.2.3 Driving Manual Analysis 26 
2.2.4 Roundabout HTA 28 
2.2.5 Roundabout HT A Results and Discussion 30 
2.3.0 Coding Scheme Analysis 36 
2.3.1 Method 36 
2.3.2 Results 38 
2.4.0 Conclusion 40 
22 
2.1.0 Introduction 
There are three purposes to this chapter: 1) to introduce the idea of hierarchical task 
analysis, why one does it and how one does it; 2) to describe the outcome of a task 
analysis perfonned on the task of negotiating a roundabout and 3) to detennine the 
adequacy of this outcome empirically by comparing the judgements of two coders 
who assessed the concurrent verbal protocols produced by a large mixed group of 
drivers whilst negotiating five urban roundabouts. The goal of these endeavours is to 
produce a coding scheme that will be suitable for assisting in the analysis of driver 
behaviour at roundabouts. The technique of hierarchical task analysis is outlined first. 
2.2.0 Hierarchical Task Analysis 
Hierarchical Task Analysis is a tenn that encompasses ideas developed by Annett and 
Duncan (Annett and Duncan, 1967, Annett et al., 1971, Duncan 1972, 1974). It 
explores tasks though a hierarchy of goals indicating what a person is expected to do, 
and plans indicating the conditions when subordinate goals should be carried out. 
Rather than setting out to establish a distinctive method of task analysis, the original 
work suggested principles for guiding all task analysis projects (Shepherd, 1998). 
HT A utilises the strategy of examining a task within a practical project. If a goal is 
met to a satisfactory standard, then the behaviour of people contributing to that goal is 
assumed to be satisfactory with no further attention warranted. If the performance is 
judged to be unsatisfactory then contributing behaviours may warrant investigation. 
The next section details the technique ofHTA. 
2.1.1 HT A Procedure 
One method of investigating behaviour is through some fonn of behavioural analysis, 
including cognitive modelling. Another method is to specifY the goal in greater detail. 
In HT A the strategy of redescription is used to divide the behaviour into subordinate 
operations and a plan that governs the conditions when each subordinate should be 
carried out. An alternative to investigating behaviour or redescribing a goal is to 
propose a known solution to that class of problem (Shepherd, 1998). A full task 
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analysis can be a complex procedure involving many decisions and judgements. A 
process model of task analysis (Shepherd, 1998) is displayed below (Figure 2.1). 
Working through this process results in the hierarchical structure ofHTA. 
I Commence Task Analysis 
1. IdentifY and 
.... state next goal 
.---------------~.. to be examined. 
yes 
r 
• 
"Y 
2. Explore its 
constraints . 
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constraints are 
relaxed 
By redescribing the operations in the manner proposed by Annett et al (1971), a task 
can be represented by a diagram showing a hierarchy of operations. These diagrams 
are useful to the analyst in giving a general picture of the structure of the task. 
However, a full record of the analysis needs to include the names of operations, 
records of the plans and relevant training notes. If these were to be incorporated into a 
diagram, the record would become too cumbersome for anything but the simplest task 
(Shepherd, 1976). A tabular format proposed by Shepherd (1976) uses four columns 
to record the analysis: 1. 'Superordinate'. This refers to the number of the operation 
currently being redescribed. 2. 'Task component - operation or plan'. This column 
contains the basic analyis of the task. It will record the subordinate operations and 
their plans. 3. 'Reason for stopping analysis.' This column specifies why the analyst 
has decided that no further redescription is required, or that redescription has taken 
place elsewhere. 4. 'Notes on performance, training and further analysis'. In this 
column the analyst can record possible training or other solutions that occur to him for 
the particular operation or plan. A task analysis of the task of negotiating a 
roundabout is presented below; the goal of this analysis will be to identify the 
procedures required when undertaking such a manoeuvre. These procedures could 
then be used to analyse driver behaviour at roundabouts. 
2.2.3 Roundabout Task Analysis 
Task analyses are carried out for a variety of reasons such as: job description, training 
purposes and accident investigation. The technique focuses on the objectives or 
outcomes of the tasks that people perform and provides an extremely flexible and 
useful method for analysis (Arnold, Robertson and Cooper, 1991). Formal task 
analysis methods (e.g., Annett et aI, 1970) have a long history of use in industrial 
systems. They were initially developed there for training purposes, but their use has 
now been greatly extended to form the basis of design reviews, risk analyses, and the 
development of procedures manuals. In applications relating to road traffic scenarios 
task analysis appears to have remained close to its training origins (Hale, Stoop and 
Hommels, 1990). An extensive task analysis carried out by McKnight and Adams 
(1970) described a range of traffic situations from the point of view of the traffic 
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safety expert. The information they provide could be seen as a list of desirable 
behaviours that novices should acquire (Groeger, 1988). 
A re-examination of McKnight and Adams' (1970) work carried out by Webster. 
Toland and McLoughlin (1990) proposed the following categorisation of detectable 
driving tasks: signalling actions, steering actions, acceleration actions, waiting actions, 
yield actions, stop actions and calculation actions. Karttunen and Hakkinen (1986) 
carried out a task analysis that was based on the driver's actions. They suggested that 
the actions of drivers in different situations could be best understood as part of the 
traffic system. Such a traffic system would consist of the traffic environment, the 
driver, the vehicle and all applicable regulations. 
The technique of hierarchical task analysis described above has been used to analyse 
the task of negotiating a normative roundabout according to British road regulations. 
The term 'normative' is used to refer to the assumption that the roundabout conforms 
to the routines described in the driving manual. Therefore, the first stage in the 
analysis required the analyst to study the routines described in the driving manual in 
order to gain an understanding of what drivers may need to do to complete the task 
competently. This initial stage in the analysis is presented below. 
2.2.3 Driving Manual Analysis 
The driving manual (Driving Standards Agency, 1997) recommends a five-step 
routine as a basis for driving when approaching junctions (Fig. 2.2). It can be argued 
that this routine encompasses the driving operations a driver needs to carry out in 
order to negotiate junctions safely. Of interest is the application of the same routine 
for different types of junctions as well as different directions of turn in the manual. If 
one studies the police driving manual (Coyne, 1997) it will be noted that, although the 
recommended routine is different, a similar approach is used. An example of the 
recommended positioning for left and right turns at roundabouts as found in the 
driving manual has been provided below (Fig. 2.2). 
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The driving manual (Driving Standards Agency, 1997) goes into some detail when 
recommending routines whilst negotiating the different directions of turn. The 
routines are as follows: 
Going Left 
Indicate left as you approach 
Approach in the left hand lane 
Keep to that lane on the roundabout 
Maintain a left turn signal through the roundabout 
Going Ahead 
Approach in the left-hand lane without signalling 
Keep to that lane on the roundabout 
Check your mirrors, especially the nearside exterior mirror, if one is fitted 
Indicate left as you pass the exit before the one you intend to take 
Figure 2.2: Recommended Routine and Positioning at Roundabouts 
5) Look 
4) Speed 
3) Position 
2) Signal 
1) Mirrors 
Going right or full circle 
Indicate right as you approach 
Approach in the right hand lane 
Keep to that lane and maintain the signal on the roundabout 
Check your mirrors, especially the nearside mirror, if one is fitted 
Indicate left as you pass the exit before the one you intend to take 
Keep moving if the way is clear. 
The mirror, signal, position, speed, look routine and the procedures recommended for 
the different directions of turn provide a fairly explicit set of instructions for 
approaching and negotiating roundabouts. However, some details are missing. An 
example would be the need to scan the entry roads to the roundabout whilst 
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negotiating the junction. This needs to be done as, although the driver in the 
roundabout has priority, a driver may enter the roundabout without giving way. An 
example of this may be a foreign driver not fully conversant with roundabout 
priorities may enter the roundabout without yielding causing drivers already in the 
roundabout to change speed to avoid an accident. Another example of an omission in 
the recommended routine is the need to check the blindspots as well as the mirrors 
whilst negotiating roundabouts. On large, multi-lane roundabouts a vehicle that is not 
shown in the driving mirrors, and is therefore in the driver's blindspot, may accelerate 
forward, causing a change of course or speed. Therefore, in order to determine 
exactly what a driver must do in order to be able to consistently negotiate roundabouts 
safely a task analysis needs to be carried out. Application of the technique of 
hierarchical task analysis to driving would produce a hierarchical structure of task and 
sub-tasks that can be grouped into the familiar levels of planning, manoeuvre and 
control (Hale et aI, 1990). The technique of Hierarchical Task Analysis (HT A) was 
applied to negotiating an urban roundabout. 
2.2.4 Roundabout HT A 
An expert driver, who was an Approved Driving Instructor (ADI), was asked to 
produce a list of operations that he considered necessary to carry out the task safely. 
The operations that he described were termed driving procedures. This was done to 
avoid confusion with van der Molen and Botticher's (1988) use of the term 
operational to describe a level of the driving task. The ADI produced three sets of 
lists of the procedures required when negotiating roundabouts that related to three 
different directions of turn (ahead, left and right). These are presented below (Tables 
2.1,2.2 & 2.3). 
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Table 2.1: Procedures Required for Following the Road Ahead 
1. Intended Direction 
2. Advance Infonnation (items such as signs or lane markings) 
3. Mirrors (inside and wing mirrors) and blindspots 
4. Signal 
5. Position in left-hand lane (unless otherwise marked) 
6. Speed of vehicle 
7. Observation before entering roundabout 
8. Reassess speed of vehicle 
9. Decision to enter junction 
10. Position in left-hand lane 
11. Mirrors (inside and wing mirrors) and blindspots 
12. Look for other road users approaching junction 
13. Check intended exit 
14. Signal to leave junction 
15. Steer vehicle into the correct path to leave the junction 
16. Check road ahead 
17. Mirror (inside and wing mirrors) and blind spots 
18. Decision to increase speed 
21. Increase speed of vehicle. 
Table 2.2: Procedures Required for Turning Left 
1. Intended Direction 
2. Advance Infonnation (items such as signs or lane markings) 
3. Mirrors (inside and wing mirrors) and blindspots 
4. Signal Left 
5. Position in the left-hand lane 
6. Speed of vehicle 
7. Observation before entering roundabout 
8. Reassess speed of vehicle 
9. Decision to enter junction 
10. Keep to left lane through roundabout 
11. Mirrors (inside and wing mirrors) and blindspots 
12. Check intended exit 
13. Steer vehicle into the correct path to leave the junction 
14. Check road ahead 
15. Mirror (inside and wing mirrors) and blind spots 
16. Decision to increase speed 
17. Increase speed of vehicle. 
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Table 2.3: Procedures Required for Turning Right 
1. Intended Direction 
2. Advance Infonnation (items such as signs or lane markings) 
3. Mirrors (inside and wing mirrors) and blindspots 
4. Signal Right 
5. Position in right-hand lane 
6. Speed of vehicle 
7. Observation before entering roundabout 
8. Reassess speed of vehicle 
9. Decision to enter junction 
10. Position in right-hand lane 
11. Detennine where to change to the left-hand lane 
12. Mirrors (inside and wing mirrors) and blindspots 
13. Decide whether it is safe to change lanes 
14. Execute lane change 
15. Look for other road users approaching 
16. Check intended exit 
17. Signal left to leave junction 
18. Steer vehicle into the correct path to leave the junction 
19. Check road ahead 
20. Mirror (inside and wing mirrors) and blind spots 
21. Decision to increase speed 
22. Increase s eed of vehicle. 
It could be argued that, although the descriptions above are very similar, the ADI has 
provided three separate descriptions of a particular task (negotiating a roundabout). 
Also, the procedures provided do not account for unusual layouts at roundabouts (e.g. 
lane markings on the approach indicating the centre lane is required to follow the road 
ahead or roundabouts where there are two right turn lanes). A better approach to 
describing, or carrying out a task, would be to have a single set of procedures that are 
fairly flexible and can be adapted to suit the circumstances facing the operator. The 
procedures listed for the three different directions of turn that were provided by the 
ADI were amalgamated and written in a more flexible manner. They were then 
redescribed in the manner suggested by Annett et al (1970). 
2.2.5 Roundabout HT A Results and Discussion 
A departure has been made from the format proposed by Shepherd (1976) with the 
fourth column being headed 'hierarchy'. This refers to the three-level control 
hierarchy proposed by van der Molen and Botticher (1988) and has been used to 
determine the extent to which the results of the analysis correspond to their view of 
hierarchical control. The results of the analysis are presented below (Table 2.4). 
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Superordmate of ask component operatIOn plan Keason tor HIerarchy 
stopping analysis 
I. P.1. AQQroach the Roundabout 
Procedures 1 to 9 are required 
to enable the driver to prepare 
the vehicle for negotiating the 
roundabout and to check 
whether it is safe to enter the 
junction. 
I. Advance Information: identifY Tactical 
the presence of a roundabout 
ahead by observing items such 
as signs, lane markings, 
movement of other traffic or 
the roundabout itself 
2. Intended Direction: by using Strategic 
the information gathered during 
operation 1 determine which 
exit road is needed in order to 
reach the desired destination. 
3. Mirrors: use the interior mirror, Tactical 
wing mirrors and blindspot chec 
-ks as necessary to determine 
whether it's safe to slow down or 
change lanes on the approach to 
the roundabout. 
4. Signal: give signal if required. Tactical & 
Operational 
5. Positioning: ensure the vehicle Tactical & 
correctly positioned on the Operational 
approach to the roundabout 
6. Speed: adjust the speed of the Tactical & 
vehicle, ifrequired, to the Operational 
speed which is most likely to 
be the correct speed in relation 
to the size of the roundabout 
and the traffic present. 
7. Observation: check the Tactical 
roundabout for a suitable gap 
for continuing into the junction. 
8. Reassess speed of vehicle: Tactical & 
using the information gathered Operational 
during Procedure 7, check 
whether the speed is correct. 
9. Decision to enter junction: 9. Junction has Tactical & 
re-assess whether there is been entered, Operational 
a safe opportunity to enter proceed to 
the roundabout. If there is, Superordinate 2 
enter junction and proceed to 
Superordinate 2, if there is not 
return to Procedure 7. 
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Superordmate . J ask component operatIon plan Reason tor Hierarchy 
stopping analysis 
2. P.2. Negotiate the Roundabout 
Procedures 10 to 17 are required 
to negotiate the vehicle around 
the Roundabout, check the layout 
of the junction, watch other 
road users and provide 
information. 
10. Position taken up: adopt the Strategic, Tactic I 
correct position in the & Operational 
roundabout in relation to the 
information gathered during 
Procedure 1 and the goal stated 
during Procedure 2. 
11. Possible need for lane changes: Strategic & 
determine whether a lane change Tactical 
will be required later during the 
negotiation in order to achieve 
the goal stated during 
Procedure 2. 
12. Mirrors: use the interior mirror, Tactical 
wing mirrors and blindspots as 
necessary to check where other 
road users are. 
13. Decide whether its safe to Tactical 
change lanes: if Procedure 11 
determined that a lane change 
whilst negotiating would be 
necessary use the information 
gathered during Procedure 12 to 
decide whether it's safe to change 
lanes. 
14. Execute lane change: if a lane Operational 
change is required, move the 
vehicle into the correct lane 
to continue negotiating the 
roundabout. 
15. Look for other road users Tactical 
approaching junction: check 
whether other road users on 
approach roads to the roundabout 
are giving way to you. 
16. Check intended exit: make Strategic & 
sure intended exit is the correct Tactical 
one and observe its 
characteristics. 
17. Signal to leave junction: apply 17. Vehicle is now Tactical & 
a left-tum signal to inform leaving the Operational 
other road users. roundabout. 
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Superordmate 1 aSK component operatIOn plan Reason for Hierarchy 
stopping analysis 
3. P.3. Leave the Roundabout 
Procedures 18 to 22 are required 
To steer the vehicle onto the 
correct course, check if it is safe 
to increase speed and then do so. 
18. Steer vehicle into the correct Tactical & 
path to leave the junction: by Operational 
assessing the road layout and use 
of the steering wheel the vehicle 
can be positioned correctly in 
the new road. 
19. Check road ahead: look for Tactical 
hazards to determine the nature 
of the new road. 
20. Mirrors: use interior mirror, Tactical 
wing mirrors and blindspots as 
necessary to determine where 
other road users are. 
21. Decision to increase speed: Tactical 
using the information gathered 
during Procedures 19 and 20 
decide whether it is safe to 
increase the speed in order to 
accelerate away from the 
roundabout. 
22. Increase speed of the vehicle: 22. Manoeuvre Operational 
use the controls of the vehicle complete 
to increase the speed up to the 
safe speed in relation to the 
hazards ahead. 
The results of the task analysis above (Table 2.4) indicate that there are 22 driving 
procedures a driver may need to carry out when negotiating a roundabout. There are 
three superordinates: approach the roundabout, negotiate the roundabout and leave the 
roundabout. This result suggests that there are three phases to negotiating a junction 
and the driving procedures a driver must carry out is dependent on the phase of the 
manoeuvre they are in. The direction of tum being negotiated will also have an effect 
on which driving procedures the drivers use. For example Driving Procedure 4 (signal 
on the approach), would not be required when drivers are approaching a roundabout 
where their intention is to follow the road ahead (taking the second exit). The 
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"hierarchy' column in the table above shows that several of the driving procedures 
involve more than one level of van der Molen and Botticher's (1988) three-level 
model. They argue that the two top risk levels have both an activity-initiating 
function and a supervising and correcting function (van der Molen and Botticher, 
1988,pg541): 
1 ) When a behavioural plan is carried out, the relevant expectations 
at the task level start to change immediately, due to both the 
behavioural choice itself and the course of events during the 
carrying out of the plan. Consequently, new judgements will be 
formed regularly, possibly leading to new decisions to correct the 
original plan or to go on to the following plan in time after 
finishing the first one. 
2) At the strategical level, comparisons are made between the 
(tactical) Manoeuvring Plans and the Strategic Plan. When they 
are no longer compatible, the Strategic Plan has to be revised. 
3) At the tactical level, what happens at the operational level is 
supervised by perceiving changes in the environment. 
Expectations at the Tactical level change according to these 
perceptions. " 
In order for the van der Molen and Botticher's (1988) model to be able to control the 
22 driving procedures produced by the task analysis there would need to be constant 
switching between the levels of control as well as parallel processing for the driving 
procedures where more than one level of control are required. It is also unclear what a 
behavioural plan would entail - would it be the complete manoeuvre, the 
superordinates or each of the twenty-two driving procedures? In an attempt to 
determine what the structure of the manoeuvre may be the task analysis results are 
displayed below in a diagram (Figure 2.3). 
The diagram below (Figure 2.3) depicts three levels within operational control: 
General Driving, Phase of Manoeuvre and Driving Procedures. As the general driving 
level relates to driving procedures of a more general nature (e.g. drive on the left 
except when overtaking) and decisions that are made at the start of a journey (e.g. 
which vehicle to use, route planning, driving style) it will not be possible to examine 
this level of control when collecting data during a particular manoeuvre. 
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Figure 2.3: Roundabout Hierarchy 
o. General Driving l 
Plan 0: choose vehicle, driving style 
and route required to achieve goal. 
I I 
1. Approach Roundabout 2. Negotiate Roundabout 3. Leave Roundabout 
Plan 3: use operations 
18 to 22 as required 
to leave junction. 
I I 
I 18. Steer Vehicle 19. Check Road Ahead 120. Mirrors 121. Decide Speed 122. Increase Speed I 
Plan 2: use operations 10 to 17 as required to negotiate 
the junction taking into account the layout ofthe 
junction and the movement of other road users. 
1 
110. Position II. Need for lane change 112. Mirrors I3. Decide lane change I 
I I 1 
14. Execute Lane Change 115. Other Road Users I 16. Check Exit 117. Signal to leave Junction I 
Plan 1: once the roundabout has been detected by 1 use operations 2 to 9 
as necessary to approach the junction correctly and safely. 
I I I I 
I. Advance Information 2. Intended Direction 3. Mirrors 4. Signal 
I I I I 
5. Position 6. Speed 7. Observation 8. Reassess Speed 9. Decision to Enter Junction 
When examining the hierarchical diagram above (Figure 2.3) it is apparent that some 
driving procedures (such as use of mirrors or positioning the vehicle) appear below all 
three superordinates. It is possible that the structure above is made up of routines that 
may be required during other types of manoeuvre. Driving Procedure 6 (use of speed 
on the approach), for example, is a driving procedure that would be required when 
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approaching many road features such as t-junctions, motorway acceleration lanes. 
bends, hills and traffic lights. Similarly, Driving Procedure 11 (need for a lane change 
whilst negotiating) may be required when overtaking on a dual carriageway or 
motorway, turning at a complex junction or when passing a stationary obstruction. In 
order to test the effectiveness of the methodology of using these procedures as a 
coding scheme the judgements of two coders who assessed the concurrent verbal 
protocols produced by a large mixed group of drivers whilst negotiating five urban 
roundabouts were compared. This experiment is presented next. 
2.3.0 Coding Scheme Analysis 
In order to establish the reliability of the coding scheme an inter-rater reliability 
exercise was carried out using data from twenty-two drivers. There were two groups 
of eleven drivers (experts and experienced). The methodology and results of this 
experiment are presented below. 
2.3.1 Method 
Subjects 
In all there were 22 subjects. The sample population was split into two groups of 
eleven; expert drivers and experienced drivers. All subjects drove their own cars 
around a preset urban route in Guildford that included five roundabouts. Verbal 
consent was obtained from the participants when they attended the university for 
another experiment where they were the instructors for a cohort of learner drivers. 
They were paid for their participation in the experiment. 
Procedure 
A video recorder was attached to the front nearside passenger window by means of a 
suction mounting. It was forward facing and fitted with a wide-angle lens. Each 
subject wore an external tie-clip microphone in order to produce a clear audio track 
for coding. 
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At the beginning of the drive all subjects were informed that a commentary drive 
consists of thinking aloud whilst driving. If a subject asked what they should talk 
about they were told to include anything they thought was relevant to their driving. 
No practice was undertaken before the experimental drive. The subjects were only 
requested to think aloud during the section of the route that included the five 
roundabouts. When their car was about to pass a section of zigzag lines on the 
approach to the first roundabout they were told "I would like you to start thinking 
aloud now please". They were then left to verbalise, without any prompting, until 
being requested to finish thinking aloud after leaving the fifth roundabout; zigzag lines 
also marked this finishing point. 
All five roundabouts were urban roundabouts subject to a 30 mph speed limit. The 
direction of travel at each roundabout was as follows: 1) Right (3 rd exit), 2) Following 
the road ahead (l st exit) 3) Left (l st Exit), 4) Following the road ahead (2nd exit) and 5) 
Following the road ahead (2nd exit). The videotapes were examined to take details of 
all the traffic at the roundabouts that could have had an effect on the drivers' actions. 
A count was made of the traffic that was considered to affect the actions of the 
drivers. These were defined as vehicles immediately to the right on the approach to 
the roundabout, vehicles in front and vehicles approaching from roads on the left once 
the driver was negotiating the roundabout. The elapsed time (in seconds) it took to 
complete the commentary drive section was also recorded. 
Before the coding process could begin verbatim transcripts were made of all the 
drivers' comments during the commentary drive section. These transcripts were then 
broken into phrases in the following manner: 
Verbatim Transcript: "As we come up to the next roundabout that we're going 
straight over. Again moving out to the right the outside lane. 
Checking right, its clear. Nearside mirror. Indicate left." 
Phrases to be coded: As we come up to the next roundabout 
that we're going straight over 
again moving out to the right 
the outside lane 
checking right 
its clear 
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nearside mirror 
indicate left 
Only phrases made by the drivers in relation to the five roundabouts were coded. To 
allow for the possibility that drivers could make comments that were relevant to their 
driving that were not covered by the twenty-two procedures suggested by the results 
of the task analysis a twenty-third code was introduced. This code was then used to 
record the additional, relevant, comments that the drivers made. The author was the 
first coder who had transcribed the videos, broke the transcripts down into phrases and 
then coded the phrases. The second coder did not see the videos and was instructed to 
code the phrases using the coding scheme only. 
2.3.2 Results 
The first inter-rater reliability exercise was carried out to determine the degree of 
agreement between the two coders. It was found that there has a high degree of 
agreement between the coders. For example, at roundabout 1, where the total number 
of phrases for the twenty-two drivers was 184, it was found that the two coders 
entered the same code for 132 of these (72%). The percentage of agreement between 
the two coders for each of the five roundabouts is displayed below (Table 2.5). 
Table 2.5: Percentage Agreement by Roundabout Number 
R1 R2 R3 R4 R5 
(Right) (Left) (First Exit) (Straight) (Straight) 
72% 72% 86% 81% 76% 
The second reliability exercise was carried out to determine how well the twenty-two 
codes (or procedures) covered all the phrases made by the drivers that were relevant to 
their driving. The percentage of phrases covered by the twenty-two codes for the 
sub-sample of twenty-two drivers for each of the coders is displayed below (Table 
2.6). 
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Table 2.6: Percentage of Phrases Covered by Coding Scheme 
Rl R2 R3 R4 R5 
(Right) (Left) (First Exit) (Straight) (Straight) 
Number of Phrases 184 111 125 149 175 
First Coder 93% 95% 960/0 910/0 88% 
Second Coder 89% 93% 910/0 87% 850/0 
As the table above shows there is some evidence that the coders differed in their 
opinion of how well the twenty-two codes covered the phrases. It was noted that 
several disagreements occurred when phrases mentioning gear changes that were 
given by the drivers were being coded. As no instructions were given on how to use 
the coding scheme the second coder was asked how they had coded phrases in which 
gear changes were mentioned. It transpired that, in their opinion a gear change did not 
necessarily mean a change in the speed of the car. This meant that such phrases had to 
be coded as 23' s (phrases mentioned by the drivers which are relevant to their driving 
but which aren't covered by the 22 driving procedures proposed earlier). As the first 
coder had coded gear changes using the three speed categories the percentages of 
phrases covered by the coding scheme were re-examined. Any phrase that mentioned 
speed for which either coder entered a 23 was removed from the analysis. This 
procedure produced less evidence of inter-rater disagreement as well as less 
disagreement between the coders on how well the 22 driving procedures could be used 
to code the phrases. The revised percentage of phrases covered by the twenty two 
codes for the sub-sample of twenty-two drivers for each of the coders are displayed 
below (Table 2.7). 
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Table 2.7: Percentage of Phrases Covered by Coding Scheme 
Excluding Speed Categories 
R1 R2 R3 R4 R5 
(Right) (Left) (First Exit) (Straight) (Straight) 
Number of Phrases 175 106 118 143 168 
First Coder 93% 960/0 96% 91% 89% 
Second Coder 93% 99% 96% 90% 890/0 
Inter-rater Agreement 75% 77% 91% 830/0 79% 
I 
2.4.0 Conclusion 
The high percentages of agreement and phrases covered produced by the above 
exercises suggest that the degree of reliability of using the twenty two procedures 
generated by the task analysis as a coding scheme is sufficient to carry out further 
analyses on the data. The next chapter presents an experiment in which the structure 
of drivers' protocols is examined using the coding scheme presented here. The goal 
of the experiment will be to establish which of two theories provides a better account 
of the structure of the operational level of driving that is observed: the three-level 
model of driving (van der Molen and Botticher, 1988) or schema theory. 
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3.1.0 Introduction 
Verbal protocols are widely used as a means of contrasting how experts and relative 
novices differ in their performance of a particular task. Although the technique has 
disadvantages, simply having people recount their experiences as they perform a task 
can offer rich insights into what people do, and why they do it. This chapter will 
present a study in which a group of expert drivers and a group of experienced drivers 
negotiated five roundabouts. The task that the participants were asked to carry out 
required them to provide concurrent verbal protocols whilst driving along a preset 
urban route. Before presenting the data the following issues will be discussed: the 
experimental task, which theory (three-level hierarchical model or schema theory) 
may offer a better account of the structure observed, the validity of verbal protocols, 
and the nature of expertise. The next section outlines the experimental task. 
3.1.1 The Experimental Task 
The participants were asked to drive through a series of five urban roundabouts. 
Whilst driving through these roundabouts they were required to produce concurrent 
verbal protocols relating to their driving. A task analysis presented in the second 
chapter of this thesis, in which the task of negotiating an urban roundabout was 
analysed, produced a list of22 driving procedures a driver may need to carry out in 
order to negotiate the junction safely. Hierarchical models of driving, driving task 
analyses and the recommended routines that are evident in driving manuals all suggest 
that evidence of structure should emerge when examining drivers negotiating a 
common driving manoeuvre. The aims of the experimental task are 1) to test whether 
a three-level hierarchy is sufficient for modelling driving and 2) to examine whether 
driving exhibits schematic properties. The next two sections consider how the 
experimental task can be used to test whether a three-level view of the cognitive 
control of driving is appropriate. 
3.1.2 Three-level Hierarchical Model 
van der Molen and Botticher's (1988) model of driving proposed a three-level 
hierarchy for driving: strategic, tactical and operational. At the strategic level, which 
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represents the highest level of the hierarchy, route planning takes place, as well as 
mode choice, assessments of desired cruise speed, estimation of travel time, etc. The 
tactical level involves negotiation of common driving situations such as curves or 
intersections, gap acceptance in overtaking or entering the traffic stream, and obstacle 
avoidance (Ranney, 1994), resulting in the formulation of a concrete manoeuvre plan 
such as that required for a left turn at a roundabout. These manoeuvring plans are 
then carried out at the operational level with predetermined course and speed being 
maintained by means of steering movements, accelerator movements and other basic 
skills. Operational level behaviour consists of closed loop processes that lead to 
small, unconscious behavioural corrections (e.g. steering and manipulating the 
accelerator in order to maintain correct course and speed). Also taking place at the 
operational level are emergency reactions in order to avoid possible threats that are 
suddenly realised (van der Molen and Botticher, 1988). A task analysis was 
presented earlier in this thesis that analysed in depth the task of negotiating a 
roundabout. The hierarchical structure that was suggested by the results of the 
analysis is presented below (Figure 3.1). 
43 
Figure 3.1: Roundabout Hierarchy 
O. General Driving J 
Plan 0: choose vehicle, driving style 
and route required to achieve goal. 
I 1 
1. Approach Roundabout 2. Negotiate Roundabout 3. Leave Roundabout 
Plan 3: use procedures 
18 to 22 as required 
to leave junction. 
I I 
I 18. Steer Vehicle ~ 9. Check Road Ahea~ 20. MiITorsJ 21. Decide Speed I 22. Increase Speed I 
Plan 2: use procedures 10 to 17 as required to negotiate 
the junction taking into account the layout of the 
junction and the movement of other road users. 
I I 
110. Position 11. Need for lane change 1 12. Mirrors 13. Decide lane change 1 
1 I I 
14. Execute Lane Change 115. Other Road Users I 16. Check Exit 117. Signal to leave Junction 1 
Plan 1: once the roundabout has been detected by 1 use procedures 2 to 9 
as necessary to approach the junction correctly and safely. 
I I 1 I 
I 
1. Advance Information 2. Intended Direction 3. Mirrors 4. Signal 
I I I 1 
5. Position 6. Speed 7. Observation 8. Reassess Speed 9. Decision to Enter Junction 
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The results of the analysis showed that there were three superordinates for the 
manoeuvre required: 1) Approach Roundabout, 2) Negotiate Roundabout and 3) 
Leave Roundabout. Below the three superordinates in the hierarchy there were 22 
driving procedures with the first superordinate having 9 procedures, the second 
superordinate having 8 procedures and the third superordinate having 5 procedures. 
This structure indicates that there are two levels to the manoeuvre with the first level 
being phase of manoeuvre (approaching, negotiating and leaving) and the second level 
being driving procedures (which procedures are selected is dependent on the phase of 
manoeuvre underway, the physical layout of the junction and traffic conditions). 
The twenty-two driving procedures that the analysis produced were further assessed to 
determine into which layer of van der Molen and Botticher's (1988) three-level 
hierarchy they could be classified. It was found that out of the 22 driving procedures 
identified some could be classified as strategic, some as tactical and some as 
operational. Eight of the driving procedures were taking place at more than one level 
of the hierarchy. Driving Procedure 9 (Decision to Enter Junction) for example, was 
found to take place at both the tactical level and operational level of the hierarchy. 
The behaviour in Driving Procedure 9 that related to the tactical level of van der 
Molen and Botticher's (1988) model was the driver checking the junction for traffic 
and using the rule that drivers must give-way to the immediate right to make their 
decision. The result of this decision had an effect on what they then did with the car, 
either pressing on the accelerator to enter the junction or braking and disengaging the 
clutch to stop the car at the give-way lines, behaviours which are examples of the 
operational level of control. The finding that several of the driving procedures could 
involve more than one level of the three-layer model of driving offered by van der 
Molen and Botticher (1988) emphasises a common criticism of the model as it does 
not account for the frequency and degree of interaction between the three levels 
(Groeger, 1999; Michon, 1989). 
An alternative approach to the three-level model would be to consider that driving 
could be schematic in nature. The next section explores whether the task of driving 
around a roundabout could be more appropriately described by schema theory. 
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3.1.3 Schemas and Driving 
Schemas can be considered to be hierarchical discrete knowledge structures that 
represent past actions or experiences (Groeger 1994). A schema will consist of slots, 
variables and memory traces. Slots refer to recurrent information (e.g. at roundabouts 
in Britain drivers always drive in a clockwise circular manner), variables relate to 
information that may differ or is not present on all occasions (e.g. the diameter of the 
roundabout) and memory traces are fonned after highly unusual events (e.g. traffic 
lights on a roundabout). Before being instantiated, or activated, the schema will 
contain default values which correspond to the expectations a person has (e.g. at 
roundabouts drivers usually give-way to the right on the approach). 
Schemas can also embed within one another and the schema that offers the best match 
to the information being processed inhibits schemas at the same level of abstraction 
but not those embedded within it (Groeger, 1997). For example there may be schemas 
relating to the different phases of the manoeuvre embedded within a schema for 
roundabouts. The results from the task analysis have indicated there may be three 
phases, referred to as superordinates in the analysis (approaching, negotiating and 
leaving), to the task of driving through a roundabout. Each of these three 
superordinates has driving procedures that may need to be carried out in order for the 
manoeuvre to be completed successfully. Factors such as the direction of turn being 
undertaken or the traffic flow at the junction may affect the driving procedures that are 
required. It could be argued that there are two levels of schemas in operation that 
correspond directly to the manoeuvre underway when a driver negotiates a 
roundabout: Phase of Manoeuvre Level and Driving Procedures LeveL 
This raises the possibility that driving may exhibit what Norman (1981) refers to as 
parent and child schemas. In driving there may be parent schemas for the type of 
junctions (e.g. roundabouts, cross-roads, t-junctions) and child schemas for the 
different phases of the manoeuvre (approach, negotiate and leave). By examining 
which procedures are verbalised by drivers it may be possible to detennine how many 
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levels that may be present within the structure of a particular manoeuvre. The nature 
of the structure which is revealed by the data (e.g. presence of slots) may help to 
determine the extent to which driving can be considered an example of a schematic 
task. In order to determine which driving procedures the drivers are using whilst 
carrying out the task of approaching urban roundabouts the drivers in this experiment 
were asked to carry out concurrent verbal protocols whilst driving. The next section 
of this introduction investigates the validity of verbal protocols. 
3 .1.4 Verbal Protocols 
A distinction needs to be made between collecting verbal protocols and introspection 
as the latter is considered unsuitable for empirical research. When considering the 
nature of verbal data Ericsson and Simon (1993) refer to "soft" and "hard" data. Data, 
which are regarded as soft, include inferences such as those that are made during 
introspection. This is especially so when the theoretical premises and rules of 
inference are themselves not completely explicit and objective. The problem with 
"soft" data is that different interpreters making different inferences will not agree in 
their encodings, and each interpreter is likely, wittingly or not, to arrive at an 
interpretation that is favourable to his theoretical position (Ericsson and Simon, 1993). 
Technology such as audio or video recordings provides the researcher with a method 
of accurately recording verbal data. Before tape recorders were generally available it 
was common practice for experimenters to take selective notes of verbalisations, 
paraphrasing and omitting whatever was "unimportant". When analysing such notes 
further it was impossible to distinguish the inferences from the original verbalisations. 
More recent research based on explicit information processing models of the cognitive 
process has caused thinking-aloud verbalisations to be viewed in a new light. It is 
now standard procedure to make careful verbatim transcripts of the recorded tapes, 
thus presenting the raw data in as "hard" a form as could be wished (Ericsson and 
Simon, 1993). 
The model ofverbalisation outlined by Ericsson and Simon (1980, 1993) permits a 
priori prediction of when verbal reports may be taken as an accurate reflection of task 
related activity. They assert that although cognitive processes themselves may not be 
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reported accurately, the products of those processes may be reported, insofar as they 
are heeded or attended to in workillg memory by the subject at the time of 
verbalisation. To further clarify matters they have constructed a taxonomy of 
different types of verbal reports, depending on the directness of the link between the 
contents of workillg memory and the timing and nature of the required report. They 
proposed three types ofverbalisation: Levell verbalisation (direct articulation of 
information stored in verbal code), Level 2 verbalisation (articulation or verbal 
recording of non-propositional information without additional processing) and Level 3 
verbalisation (articulation after scanning, filtering, inference or generative processes 
have modified the information available )(Ericsson and Simon, 1980). 
Ericsson and Simon (1980) argue that Levelland Level 2 verbalisations, since they 
involve reporting only information heeded in workillg memory, should yield accurate 
reports, albeit not necessarily complete ones. They suggest that Levelland Level 2 
verbalisations are what are produced when subjects are asked merely to "talk aloud" 
or "think aloud" during task performance. 
An area in which researchers have been successful using this approach to collecting 
verbal data is the study of expertise involving a variety of domains including: chess 
(deGroot, 194611978; Charness, 1981), military tactical decision makillg (Federico, 
1995), medical experts (Patel and Groen, 1991) and physics (Larkin, McDermott, 
Simon and Simon, 1980). Investigators studying chess, for example, have been able 
to represent the sequences of moves subjects explored as search trees and to measure 
the amount and depth of planning for chess players at different levels of expertise 
(Charness, 1981). The next section of this chapter will outline the nature of expertise. 
3.1.5 Expertise 
For most domains of expertise, people have at least an intuitive conception of the kind 
of activities at which an expert should excel. The main challenge is thus to identify 
particular well-defined tasks that frequently occur and capture the essence of expert 
performance in a specific domain (Ericsson and Charness, 1994). Essential elements 
of expertise have been elucidated (Chi, Glaser and Farr, 1988) that are allegedly 
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generalizable or universal. That is, several aspects of expert skill apparently appear 
across several task domains that have been investigated and reported, namely: 
1. experts excel primarily because they possess extensive knowledge in their 
respective areas; 
2. experts perceive prodigious interpretable patterns in their subject matters that 
indicate outstanding organisation of knowledge; 
3. experts perform in their domains with more speed and less error than do novices; 
4. experts possess superior short- and long-term memory; 
5. experts perceive and represent problems in their respective areas at a deeper or 
more principled level than do novices; 
6. experts excessively and qualitatively analyse problems in order to represent them 
mentally and specify situations and constraints; 
7. experts possess substantial self-monitoring skills when detecting errors, lacking 
comprehension, and checking solutions; 
8. experts spend proportionally more time than novices constructing basic problem 
representations while seeking solutions; 
9. experts possess larger sets of schemata or perceptual patterns that access or index 
declarative and procedural knowledge than do novices; 
10. expert knowledge is structured or organised to a greater degree than that of 
novices so that it is more accessible, functional, and efficient; 
11. experts' problem perception is schema driven, whereas novices' problem 
perception is based on general search strategies; and 
12. experts exhibit more context-dependent performance than do novices, who 
possess context free features and facts and rules for behaving based on these 
attributes. 
When identifying a potential group of experts a definition of expertise is required. 
Virtually everyone would agree that the term "expertise" connotes extreme (positive) 
or exceptional performance. Salthouse (1991) argues that it is reasonable to suggest 
that, in terms of a normal distribution of performances or competencies, experts 
should fall in the rightmost, or highest-scoring, region of the distribution. This 
analogy is useful for making two points. The first is that the dimension along which 
expertise is most appropriately evaluated should represent some measure of actual 
competence, rather than a possible correlate of competence such as amount of 
experience or social consensus. The second point is that categorisation of an 
individual as an expert is relatively arbitrary, in that there is a range of positions along 
the hypothesised competence continuum at which individuals can be placed 
(Salthouse, 1991). Pate and Groen (1991), for example, propose that the competence 
dimension be partitioned into six categories: layperson, beginner, novice, 
intermediate, sub expert, and expert. 
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The notion of a competence continuum provides a useful starting point for identifYing 
expertise within driving. Such a competence continuum within driving may be the 
number of errors a driver makes. Absence of error is an integral aspect of 
performance of skilled behaviour, especially where operators are required to perfonn 
under load or speed stress (Groeger, 1990). Theorists have used errors to examine 
many areas of driving including: the causation of accidents (Malalterre, 1990; 
Wagenaar and Reason, 1990), risk-taking (Summala, 1988), standards of behaviour 
(Reason, Manstead, Stradling, Baxter and Campbell, 1990) and the rate at which 
learner drivers acquire various driving skills (Groeger, Whalen and Greening, 1997). 
The present study makes use of professional driving instructors as a potential group of 
experts. They have been chosen as in order to pass their qualifYing exams they must 
pass an advanced driving test. During this test the examiner records their driving 
faults and they are not allowed to commit more than six minor faults. An example of 
a driving fault would be failing to check the mirrors before applying a signal. As this 
can be seen as a measure of actual competence at a task it is reasonable to argue that 
individuals who pass such a test may lie within the right-most region of the 
competence continuum outlined earlier. 
3.1.6 Summary of Introduction 
The experimental task, the validity of verbal protocols and the nature of expertise have 
been discussed. It seems likely that the data may reveal a different structure to the 
manoeuvre than that proposed by van der Molen and Botticher (1988) and schematic 
characteristics may be evident (e.g. the presence of recurrent information). 
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3.2.0 METHOD 
3.2.1 Participants 
In all there were 44 subjects. Of these 27 were professional driving instructors (22 
males, 5 females) and 17 were experienced drivers (8 males, 9 females). All subjects 
drove their own cars around a preset urban route in Guildford that included five 
roundabouts. Verbal consent was obtained from the participants when they attended 
the university for another experiment where they were the instructors for a cohort of 
learner drivers. They were paid for their participation in the experiment. 
3.2.2 Procedure 
A video recorder was attached to the front nearside passenger window by means of a 
suction mounting. It was forward facing and fitted with a wide-angle lens in order to 
capture as much of the lateral detail as possible in the scene. This meant that an 
accurate count of the numbers of cars that may have affected the participants' actions 
could be made. Each subject wore an external tie-clip microphone in order to produce 
a clear audio track for coding. When the camcorder tapes were transferred onto VHS 
tapes the time elapsed since the start of the drive was inserted in the bottom right-hand 
corner of the picture. 
At the beginning of the drive all subjects were informed that a commentary drive 
consists of thinking aloud whilst driving. If a subject asked what they should talk 
about they were told to include anything that they thought was relevant to their 
driving. No practice was undertaken before the experimental drive. The subjects 
were only requested to think aloud during the section of the route that included the 
five roundabouts. The experimenter sat in the front passenger seat and directed the 
participants around the route. When the participant's car was about to pass a section 
of zigzag lines on the approach to the first roundabout they were told "I would like 
you to start thinking aloud now please". They were then left to verbalise, without any 
prompting, until being requested to finish thinking aloud after leaving the fifth 
roundabout; zigzag lines also marked this finishing point. 
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All five roundabouts were urban roundabouts subject to a 30 mph speed limit. [he 
direction of travel at each roundabout was as follo ws: 1) Right (3rd exit), 2) Follo'v\.ing 
the road ahead ( 1 5t exit) 3) Left (l st Exit), 4) Fo llowing the road ahead (2nd exit) and 5) 
Following the road ahead (2nd exit). This is further illustrated in the diagram belo'vv 
(Fig 3.2). 
Figure 3.2 : Direction of Turn at Roundabouts 
Park Barn Roundabout (Roundabout One) 
COlllmcntal) Started 
Southway 
Egerton Road 
The Royal 
Surrey 
County 
Hospital 
2 Hospital Roundabout (Roundabout Two) 
Sports Roundabout 
(Roundabout Three) 
Thc Phillip Tesco Roundabout 
Hcnman Sports (Roundabout Four) 
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A coder watched all the videos on a co lour television and carried out the following 
three tasks: 1) Made verbatim transcripts of the drivers ' protocols, 2) Made a count of 
all the traffic that could have affected the drivers' actions (these were defined as 
vehicles immediately to the right on the approach to the roundabout , vehicles in front 
and vehicles approaching from roads on the left once the driver was negotiating the 
roundabout) and 3) Recorded the start and end time of the commentary drive sect io n 
and calculated the duration of the commentary drive section. 
Before the coding process could begin verbatim transcripts were broken into phrase'>. 
The phrases were then coded using the coding scheme generated by the task anal;. sis 
(Chapter 2) . An example of the process used is provided belov\'o 
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Verbatim Transcript: 44As we come up to the next roundabout that we're going 
straight over. Again moving out to the right the outside lane. 
Checking right, its clear. Nearside mirror. Indicate left." 
Phrases to be coded: As we come up to the next roundabout 
that we're going straight over 
again moving out to the right 
the outside lane 
checking right 
its clear 
nearside mirror 
indicate left 
The concurrent verbal protocols were entered into two databases. The first of these 
was a count of each of the phrases that the drivers made that were relevant to their 
driving. The second database was used to code the phrases according to 22 driving 
procedures (Figure 3.1). For example if a driver said on the approach to the 
roundabout "There are several cars approaching from the right" it was coded as 
observation. An additional code was used in order to code any comments that were 
made by the drivers which the proposed twenty-two driving procedures did not cover 
making a total of23 codes. These coded comments provided the data to be analysed. 
3.3.0 RESULTS 
The aim of the experiment was to determine whether a structure would be readily 
observable within the data, and if so, which theory (three-level model of cognitive 
control or schema theory) it would adhere to. This was tested for by examining a 
range of issues: the numbers of comments made, which procedures were mentioned, 
whether the phases affected the verbalisations made and whether there was a direction 
of turn effect. The numbers of phrases made by the drivers were analysed first. 
3.3.1 Number of Comments Made 
The first set of analyses considered the overall number of comments made by the 
drivers. These data were the total number of comments made at each roundabout, 
including the comments that were relevant to driving but were not covered by the 
coding scheme. In all the drivers made 2129 comments that related to their driving of 
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which 90.37% were covered by the coding scheme. A male instructor from the 
experienced group took the wrong exit at the first roundabout resulting in his data 
being removed from some analyses and affecting the sample sizes and degrees of 
freedom reported. The table (Table 3.1) below illustrates which procedures the 
drivers were verbalising. 
Overall Numbers of Comments 
Before considering the numbers of comments made by the two driver groups it was 
necessary to consider the amount of traffic encountered and the duration of the 
commentary drives. It was found that the amount of traffic encountered correlated 
positively with the overall time elapsed (in seconds) of the commentary drive section; 
r (42) = .46, p< 0.01. The next analysis was carried out to determine whether the 
duration of the drive was related to the overall number of comments made. This 
analysis showed that the duration of the drive correlated positively with the overall 
number of comments made; r (41) = .34, P < 0.05. Following on from these results it 
was necessary to establish whether there were significant differences in the amount of 
traffic encountered and the duration of the drive between the two driver groups. 
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Table 3.1: Numbers of Comments Verbalised 
Driving Procedure Number of Comments Percentage of Total 
Advance Infonnation 200 9.39 
Intended Direction 213 10 
~ilTors(Approach) 123 5.78 
Signal (Approach) 68 3.19 
Position (Approach) 53 2.48 
Speed (Approach) 233 10.94 
Observation 359 16.86 
Reassess Speed 66 3.1 
Decision to Enter 139 6.53 
Position (Negotiate) 43 2.02 
Need for Lane Change 0 0 
MilTors (Negotiate) 64 3.01 
Decide Lane Change 2 0.09 
Execute Lane Change 7 0.33 
Other Road Users 53 2.49 
Check Exit 2 0.09 
Signal to Leave Junction 101 4.75 
Steer Vehicle 15 0.71 
Check Road Ahead 42 1.97 
Mirrors (Leave) 82 3.85 
Decide Speed 3 0.14 
Increase Speed 56 2.63 
Not Covered by Scheme 205 9.63 
The mean amount of traffic encountered during the commentary drive for the experts 
was 16.67 (s.d. 7.75). For the experienced group the mean amount of traffic 
encountered was 12 (s.d. 6.15). This difference was found to be significant; t (43) = 
2.17, p < 0.05. The amount of traffic encountered did not correlate significantly with 
the number of comments the expert drivers made; r (25) = -0.1 L p> 0.05. The 
experienced drivers' comments also failed to correlate significantly with the amount 
of traffic encountered; r (15) = -0.34, p > 0.05. 
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The mean time elapsed during the commentary drive for the expert group was 154.89 
seconds (s.d. = 16.13). For the experienced driver group the mean time elapsed was 
143.29 seconds (s.d. = 25.95). This difference was not found to be significant; t (42) 
= 1.83, p> 0.05. The duration of the commentary drive did not correlate significantly 
with the number of comments made by the expert group; r (25) = 0.18, p> 0.05. The 
duration of the commentary drive did not correlate with the number of comments 
made by the experienced drivers; r (15) = 0.31, p > 0.05. These results show that the 
amount of traffic encountered and the duration of the commentary drive did not affect 
the number of comments made by either of the two driver groups. The next analysis 
compares the numbers of comments made by the two driver groups. 
Before comparing the two groups it was important to consider whether gender had an 
effect on the number of comments made, as the expert group was predominately male 
(22 males and 5 females). The means and standard deviations for gender and driver 
group are displayed below (Table 3.2). A t-test was carried out on the expert group, in 
which gender was the independent variable, which found no difference between the 
genders on the number of comments made; t (25) = -0.64, p> 0.05. A t-test was also 
carried out for the experienced group to determine if there was a difference in the 
number of comments made between the genders. This analysis also showed there was 
no significant difference between the two genders in number of comments made; 
t (16) = 0.07, p> 0.05. 
Table 3.2: Descriptive Statistics for Number of Comments Verbalised 
Independent Variables Mean Standard Deviation 
Expert Male 56.86 13.49 
Experienced 
Female 61.2 13.95 
Male 
Female 
29.67 
29.33 
9.84 
10.68 
A two-tailed independent samples t-test was then carried out to determine whether the 
driver groups differed in the number of comments verbalised. This analysis showed 
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that the expert group made significantly more comments than did the experienced 
group; t (43) = 7.61, P < 0.01. 
The next analysis tested whether there were differing numbers of comments made 
across the three phases of the manoeuvre (approach, negotiate and leave). A one-way 
repeated-measures Anova was carried out in which the number of comments was the 
dependent variable and the phase of the manoeuvre was the independent factor (3 
levels). An effect of phase was found; F(2,88) = 292.85, p < 0.01. Post-hoc Newman 
Keuls were carried out which revealed that the number of comments for the approach 
phase were significantly higher than those for both the latter phases (negotiate and 
leave phases). There was not a significant difference in the size of the means between 
the negotiate and leave phases of manoeuvre. These results show that experts made 
significantly more comments than the experienced drivers did and that the phase of 
the manoeuvre being negotiated has an effect on the number of protocols that drivers 
produce. The numbers of comments made at each of the five roundabouts were then 
examined to determine two issues: 1) whether the numbers of comments varied 
according to the roundabout and 2) whether the experts made more comments at each 
of the roundabouts than the experienced drivers. 
Number of Comments Made by Roundabout 
Two issues were of interest in relation to the number of comments made at each 
roundabout: 1) whether the roundabout being negotiated affected the number of 
comments verbalised and 2) whether the two driver groups differed significantly in the 
number of comments verbalised at each of the five roundabouts. As the correlations 
between number of comments made and the amount of traffic encountered were not 
significant for both driver groups these data were not entered into the analysis. The 
means and standard deviations for the two groups for each roundabout are displayed 
below (Table 3.3). 
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Table 3.3: Mean Number of Comments made by Driver Group 
Experts Experienced 
Roundabouts Mean S.D. Mean S.D. 
Roundabout 1 (Right) 
Number of Comments 15.7 3.95 7.00 3.71 
Roundabout 2 (First Exit) 
Number of Comments 7.74 2.54 4.28 2.44 
Roundabout 3 (First Exit) 
Number of Comments 9.70 2.58 5.28 2.99 
Roundabout 4 (Straight) 
Number of Comments 12.33 4.52 6.22 2.67 
Roundabout 5 (Straight) 
Number of Comments 12.81 4.37 6.72 3.39 
A repeated measures Anova was carried out for which the number of comments 
verbalised was the dependent variable. The independent variables were the driver 
group and which roundabout was being negotiated (five levels). 
An effect of driver group was found; F(l,43) = 554.58, p < 0.01. The roundabout 
being negotiated also had an effect on the number of comments verbalised; F( 4,172) = 
22.24, p < 0.01. A two-way interaction was also found between driver group and the 
roundabouts; F(4,172) = 4.47, p < 0.01. These results show that the expert drivers 
made more comments than did the experienced drivers and that the roundabout being 
negotiated can affect the number of verbalisations that drivers make. 
Further examination of group differences and consideration of roundabout effects was 
made possible by examining the patterns of the procedures mentioned. 
3.3.2 Patterns of Procedures Mentioned 
In order to examine which factors may affect the drivers' verbalisations the data were 
transformed into dichotomous variables. Only data that were covered by the coding 
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scheme was analysed. The first analysis considered the overall numbers of procedures 
mentioned by the drivers whilst producing concurrent verbal protocols. These totalled 
1421. 
Overall Numbers of Procedures Mentioned 
The overall numbers of procedures mentioned by the groups at each roundabout were 
examined first. The mean numbers of procedures mentioned by the drivers at each 
roundabout are displayed below (Table 3.4). 
Table 3.4: Means for Overall Numbers of Procedures 
Mentioned by Driver Type 
Experts Experienced 
Roundabouts Mean S.D. Mean S.D. 
Roundabout 1 (Right) 
Number of Procedures Mentioned 10.19 2.76 5.06 2.28 
Roundabout 2 (First Exit) 
Number of Procedures Mentioned 5.11 1.65 3.24 1.6 
Roundabout 3 (Left) 
Number of Procedures Mentioned 6.56 1.76 4.24 2.44 
Roundabout 4 (Straight) 
I 
I 
I 
i 
Number of Procedures Mentioned 8.19 2.43 4.59 2.~~ 
Roundabout 5 (Straight) 
Number of Procedures Mentioned 7.81 2.48 I 4.76 2.14 
I 
A repeated-measures Anova was carried out in which the number of procedures 
mentioned was the dependent variable. The independent variables were the driver 
group and the roundabout they were verbalising. A between subject effect was found 
with the expert drivers mentioning more procedures than did the experienced drivers; 
F(1,42) = 37.94, p < 0.01. An effect of the particular roundabout was also found; 
F(4,168) = 26.22, p < 0.01. A two-way interaction was found between driver group 
and the roundabout being verbalised; F(4,168) = 6.41, p < 0.01. These results were 
explored further by examining the variation in the frequency of procedures mentioned 
by the drivers at the different roundabouts. 
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Variation within the Overall Numbers of Procedures Mentioned 
It was of interest whether different drivers mentioned or omitted the same procedures 
when producing concurrent verbal protocols at a particular roundabout. A Cochran Q 
test was carried out to determine whether the frequencies of the procedures mentioned 
by the drivers varied amongst the twenty-two procedures for each of the five 
roundabouts. It was found that these frequencies did vary significantly across the 
twenty-two driving procedures for each roundabout (Table 3.5). The sample 
population was then split into the two driver types to determine whether the 
significant variation in the frequencies of procedures mentioned would still be present 
(Tables 3.6 and 3.7). 
Table 3.5: Obtained Cochran's 0 Values by Roundabout 
Roundabout Number N Q Value d.f Significance Level 
One 44 311.48 21 p < 0.0001 
Two 45 451.98 21 p < 0.0001 
Three 45 532.87 21 p < 0.0001 
Four 45 352.74 21 p < 0.0001 
I Five 45 389.75 21 p < 0.0001 
Table 3.6: Expert Driver's Cochran's Q Values by Roundabout 
Roundabout Number N Q Value d.f Significance Level 
One 27 242.51 21 p < 0.0001 
Two 27 294.45 21 p < 0.0001 
Three 27 378.06 21 p < 0.0001 
Four 27 261.51 21 P < 0.0001 
Five 27 267.34 21 p < 0.0001 
Table 3.7: Experienced Driver's Cochran's Q Values by Roundabout 
Roundabout Number N Q Value d.f Significance Level 
One 16 88.03 21 p < 0.0001 
Two 17 167.23 21 p < 0.0001 
Three 17 171.5 21 p < 0.0001 
Four 17 117.43 21 p < 0.0001 
Five 17 139.18 21 p < 0.0001 
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The results show that there was a highly significant variation in the frequencies of 
procedures mentioned at all five roundabouts for the total sample population as well 
as both driver types. This suggests that the drivers were mentioning the same driving 
procedures when producing their protocols. In order to determine whether any 
patterns were present the data were then transformed from being dichotomous 
variables into the percentage of drivers who mentioned a particular procedure for each 
of the twenty-two driving procedures. For example if20 out of the 27 instructors 
mentioned a specific driving procedure at a particular roundabout its new value would 
be 74%. This was done separately for both driver groups at all five roundabouts. A 
correlation matrix was then examined to determine whether the patterns of driving 
procedures mentioned were related across both the independent variables of driver 
type and roundabout number. The illustration below (Fig. 3.3) shows what the 
patterns look like when the percentage scores are plotted on a line graph. 
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Figure 3.3: Percentage of Items Mentioned by Driver Type at Roundabout One 
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The examination of the co rrelation matrix revealed that all possible correlations were 
significant. The correlation obtained for the illustration abo ve, for example, is .86 
indicating that the patterns of percentage procedures mentioned between the two 
driver types were similar to each other (p < 0.001 ) for roundabout one. The 
correlations for the percentage of procedures mentioned between the two groups at 
each of the five ro undabouts are displayed below (Table 3.8). 
Table 3.8: Between Group Correlations by Roundabout 
Roundabouts R I (Right) R2 (First Exit) R3 (Left) R4 (Straight) R5 (S traight ) 
Corre lation Coeffic ients .86 .96 .93 .84 .91 
Significance Level p < 0.00 1 P < 0.00 1 p < 0.001 P < 0.00 I P 0.00 I 
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The correlations (the similarity of the percentage of procedures mentioned at different 
roundabouts) between Roundabout 1 and later roundabouts were also found to 
significantly correlate for both groups of drivers (Table 3.9). The finding that the 
groups significantly correlated at each roundabout and also across the five 
roundabouts suggests that drivers describe roundabouts similarly which may indicate 
that drivers make use of the same underlying structure when producing concurrent 
verbal protocols. 
Table 3.9: Within Group and Between Group Correlations across Roundabouts: 
Roundabout ET2 ED2 ET3 ED3 ET4 ED4 ET5 ED5 
Experts .77.70 .75 .74 .85 .76 .85 .75 
Experienced .70 .70 .61 .70 .86 .87 .87 .87 
ET = Experts ED = Experienced 
However, when examining the correlation coefficients it is apparent that there are 
differences between their sizes. The correlation for the experts at Roundabout 1 and 
Roundabout 2 was .77 (a within group correlation) whereas the corresponding 
correlation between the experts at Roundabout 1 and the experienced driver group at 
Roundabout 2 (a between group correlation) was found to be lower: .70; a difference 
of 0.07. Of interest was whether this difference was statistically significant. Such a 
finding would indicate that, although the patterns of procedures mentioned are similar, 
experts' protocols have a closer relationship to their own comments at a later 
roundabout than those produced by the experienced drivers. The next stage in the data 
analysis tested whether the differences in the sizes of the correlation coefficients were 
significant. Of interest were within group and between group relationships and 
direction of turn relationships. 
3.3.3 Within-group and Between-group Comparisons 
In order to determine whether the differences between the within group and between 
group correlations were statistically significant it was necessary to use Fisher's 
transformation to convert the correlation coefficients to z scores. The first difference 
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to be compared was the experts' pattern at Roundabout 1 with the within group 
correlation (Experts) and the between group pattern (Experienced Drivers) at 
Roundabout 2. 
This analysis found that the difference in the z's deviated to the extent of 0.4.5 a, p> 
0.05. The differences between the within group correlations and the between group 
correlations for Roundabouts 3 to 5 were then examined. These analyses found that 
the within group correlations were not significantly higher than the between group 
correlations .. This finding does not support the theory that experts' protocols are more 
related to each other across roundabouts than those produced by the experienced 
drivers. This result strengthens the evidence that suggests the drivers were making 
use of similar structures when producing protocols. 
The next stage in the analysis considers whether there is a direction of tum effect 
shown by the data (e.g. does the pattern of comments made by drivers turning left at 
roundabouts relate more with comments at another left tum than at a right tum?). As 
the two groups were found to differ in the number of comments made at each 
roundabout the direction of tum analyses were done in the within groups condition 
only. 
Within-group Direction of Turn Analyses 
As all the comparisons were now being made within groups using the same dependent 
variable (percentage patterns of items mentioned) it was possible to use a 
t-test developed by Hotelling (1931) to compare the differences between the 
correlation coefficients. The expert driver group was analysed first. 
Expert Drivers 
In order to determine whether a direction of tum effect existed within the expert 
drivers' protocols the differences between the correlation coefficients for three 
directions of tum were analysed. The first set of analyses used the two roundabouts 
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where drivers took the first exit (Roundabouts 2 and 3) to test whether their patterns 
would be more closely related to each other than with roundabouts where driver 
either turned right (Roundabout 1) or followed the road ahead (Roundabouts -+ and :5) . 
It was found that Roundabouts 2 and 3 correlated better with each other than with 
Roundabout 1: t (24) = 2.95 , p < 0.01. The within tum correlation was also found to 
be higher for both Roundabouts 4 and 5: Roundabout 4, t (24) = 1.94, P < 0.05; 
Roundabout 5, t (24) = 2.63 , P < 0.01. These [mdings show that the correlation 
coefficients were significantly higher for the within direction of turn condition. This 
indicates that the patterns produced by the experts at roundabouts where they took the 
first exit were more closely related to each other than they were to patterns produced 
when they were required to tum right or follow the road ahead. The relationships 
between these patterns are displayed below (F ig 3.4). 
Figure 3.4 : Experts' Patterns for Percentage of Items Mentioned by Direction of Tum 
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The second set of analyses followed the same procedure to test whether the two 
roundabouts where drivers followed the road ahead would also be more closely related 
to each other than with other directions of turn. It was found that they correlated 
significantly better with each other than with a right turn; t (24) = 2.45, p < 0.05. 
They also correlated significantly better with each other than with both roundabouts 
where drivers took the first exit: Roundabout 2, t (24) = 2.18, p < 0.05; Roundabout 3, 
t (24) = 3.88, p < 0.01. These findings also show that the correlation coefficients were 
significantly higher for the within direction of turn condition. This indicates that the 
patterns produced by the experts at roundabouts where they followed the road ahead 
were more closely related to each other than they were to patterns produced when they 
were required to turn right or to take the first exit. 
The third analysis was carried out to determine whether the pattern produced at 
roundabout one (where drivers turned right) would be more related to the patterns 
produced at a first exit roundabout than those at a roundabout where drivers followed 
the road ahead. It was found that roundabout one did not correlate better with 
Roundabout 4 than with Roundabout 3: t (24) = 1.21, P > 0.05. This result shows that 
the experts were producing different patterns for the three different directions of turn 
studied. 
This suggests that, for the expert drivers, the descriptions given of the roundabouts are 
sensitive to the manoeuvre described. The same sets of analyses were then carried out 
for the experienced driver group to determine whether their verbalisations were also 
affect by the direction of turn. 
Experienced Drivers 
Once again, the first set of analyses used the two roundabouts were drivers took the 
first exit (Roundabouts 2 and 3). These were carried out to test whether their patterns 
of percentage items mentioned would be more related to each other than those 
produced at roundabouts where drivers either turned right (Roundabout 1) or followed 
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the road ahead (Roundabouts 4 and 5). It was found that the patterns produced at 
Roundabouts 2 and 3 (both first exit) were more related to each other than the pattern 
(a right turn) produced at Roundabout 1: t (14) = 2.68, P < 0.01. The within direction 
of turn correlation coefficients produced when following the road ahead, in contrast to 
the findings reported above for the experts, with both Roundabouts 4 (t (14) = 0.69, p 
> 0.05) and 5 (t (14) = 1.6, p> 0.05) were not found to be significantly higher. This 
finding indicates that the experienced drivers may not be as sensitive to the direction 
of turn as the expert drivers are when producing concurrent verbal protocols. 
The second set of analyses tested whether the patterns produced at the two 
roundabouts where drivers followed the road ahead would be more closely related to 
each other than those produced at other directions of turn. It was found that they did 
not correlate significantly better with each other than with a right turn (t (14) = 1.6, p 
> 0.05). They correlated significantly better with each other than with Roundabout 3 
(a left turn) (t (14) = 3.12, P < 0.01) but not than with Roundabout 2 (first exit) (t (14) 
= 1.67, p> 0.05). 
Four analyses were carried out to determine whether Roundabout 1 (where drivers 
turned right) would correlate better with a first exit roundabout than with a roundabout 
where drivers followed the road ahead. It was found that Roundabout 1 did correlate 
better with Roundabout 4 (road ahead) than with Roundabout 2 (first exit) (t (14) = 
3.06, P < 0.01) and Roundabout 3 (left turn) (t (14) = 2.21, p < 0.05). Roundabout 1 
was also found to correlate better with Roundabout 5 (road ahead) than with both 
Roundabouts 2 (t (14) = 2.53, P < 0.01) and 3 (t (14) = 2.10, P < 0.05). This confirms 
the finding with Roundabout 4 that the experienced drivers' right turn patterns 
correlated better with roundabouts where the direction of travel was to follow the road 
ahead than with roundabouts where they took the first exit. 
These results suggest that, for the experienced drivers, the direction of turn at a 
roundabout does not necessarily have a significant effect on the patterns of percentage 
items mentioned produced whilst producing concurrent verbal protocols. The final 
analysis used two one-way anovas to determine whether a within group effect of 
roundabout number existed in both driver groups. 
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The mean numbers of driving procedures mentioned for each roundabout by the tv.o 
groups are displayed below (Figure 3.5). The first one-way anova compared the 
difference in the means across the five roundabouts for the expert driver group . It \va ' 
found that there was an effect o f ro undabout number on the quantity of procedure 
mentioned : F (4,104) = 33 .93 , P < 0.01. Post-hoc Newman Keuls analys is revealed 
the order of means (from lowest to highest) for the numbers of procedures mentioned 
was as follows: R2 , R3 , R4, R5 , and R 1. It is interesting to note that all the 
roundabouts differ significantly from one another except Roundabo uts 4 and 5 (both 
roundabouts where drivers follo wed the road ahead). The order of the means also 
follows the complexity of the manoeuvre being undertaken with the ro undabouts 
where drivers took the first exit being the lowest, then ro undabouts where drivers 
followed the road ahead and finally, the roundabout that invo lved a right turn . The 
means and the pattern of significant differences are displayed below (F igure 3.6) . 
Figure 3.5: Mean Numbers of Procedures Mentioned by Driver Type 
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The second one-way anova compared the means between the roundabouts for the 
experienced drivers. A significant difference between the means was found to exist· 
, 
F (4,104) = 3.8, p < 0.01. The order of the means (from lowest to highest) was found 
to be the same as for the expert group (see Table 3.4): R2, R3, R4, RS, and RI. 
However, post-hoc Newman Keuls revealed a very different pattern of significant 
difference between the means with R2 have significantly fewer procedures mentioned 
than Roundabouts 1, 5 and 4. The pattern of significant differences between the 
means for the experienced drivers does not conform to a direction of tum effect 
suggesting that which exit the drivers took did not affect experienced drivers' 
verbalisations to the same extent as it did for the expert driver group. The results of 
the two one-way within-subjects anovas have confirmed the suggestion that the 
direction of tum at a roundabout has a significant impact on expert drivers' verbal 
protocols but did not affect the verbal protocols given by the experienced drivers to 
the same extent. 
3.3.4 Summary of Results 
The data have shown that both the number of comments and which driving procedures 
are mentioned during drivers' protocol generation can be affected by the manoeuvre 
being described. The number of comments made by the drivers was affected by the 
phase of the manoeuvre underway, with the approach phase having significantly 
greater numbers of comments. When considering which driving procedures were 
mentioned it was shown that there was significant variation across the frequencies of 
procedures verbalised at a particular roundabout. Furthermore, this variation was 
found to correlate across both the two driver groups and all five roundabouts. This 
suggests that the drivers were making use of a similar structure when producing their 
verbalisations. The expert drivers were found to make more comments, mention more 
driving procedures and the procedures that they mentioned were sensitive to the 
direction ofturo. 
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3.4.0 DISCUSSION 
As there were several theoretical issues being addressed by this experiment this 
discussion has been split into three sections. The first section considers the three level 
hierarchical model of driving, the second section examines the results in relation to 
schema theory and in particular these results in relation to slots and common structure. 
The third section considers the broader implications of the results in relation to the 
study of expertise. 
3.4.1 Hierarchical Model of Driving 
The data produced by the drivers' protocols provided evidence that the twenty-two 
driving procedures produced by the task analysis were suitable for examining the task 
as 90.37% of the total number of comments verbalised was covered by the scheme. 
Twenty-one out of twenty-two procedures were at some point verbalised by the 
drivers. Some of these procedures (e.g. use of speed on approach, execute lane 
change and increase speed when leaving) were at van der Molen and Botticher's 
(1988) operational level of control. According to their model, behaviour at this level 
of contr04 apart from the emergency reactions, consists of closed loop processes that 
lead to small, unconscious behavioural corrections (e.g. steering and manipulating the 
accelerator in order to maintain correct course and speed). However, according to 
Ericsson and Simon (1980), when participants are requested to perform concurrent 
verbal protocols they only report information heeded in working memory. 
According to the Ericsson and Simon (1980) model, a key issue in determining the 
validity of verbal protocols is the number of mediating processes between attention to 
information in short-term memory and its verbalisation. Ericsson and Simon (1980) 
assume that information that is already in oral code in short-term memory will require 
no additional processing time to verbalise. However, if information in short-term 
memory is in a non-orally coded form, then Ericsson and Simon (1980) predict that 
some processing time will be required for the participant to recode the information in 
order to verbalise it. Most important, this recoding of already attended to information 
is asswned not to change the structure of the processing for performing the main task 
70 
(Payne, 1994). This suggests that the verbalisations given by the drivers reflect the 
structure of the processing required to undertake the manoeuvre. The implication of 
the finding that drivers verbalise many different driving procedures, only some of 
which are at van der Molen and Botticher's (1988) operational level control, is that the 
underlying structure required to carry out the task differs from the three-level model. 
How the structure may differ is discussed next. 
The task analysis in Chapter 2 indicated that the structure of the manoeuvre 
(roundabout negotiation) consisted of three superordinates, or phases of manoeuvre, 
and twenty-two driving procedures. The three phases of the manoeuvre were found to 
have differing numbers of comments with drivers making the most comments when 
approaching the roundabouts. The pattern of procedures mentioned was found to 
correlate across both the driver groups and the five roundabouts suggesting that 
drivers were making use of the same structure when processing the information at the 
roundabouts. The number of comments that were verbalised was dependent both on 
the phase of the manoeuvre underway and the particular roundabout being negotiated. 
Furthermore, the pattern of driving procedures mentioned was found to be sensitive to 
the direction of turn for the expert drivers. 
These results suggest that, at a manoeuvring level of control in driving, there are at 
least two levels of processing; the phase of manoeuvre level and the driving 
procedures level. The driving procedures that are required, and therefore available for 
verbal protocols, are dependent on several variables including the layout of a 
particular roundabout, the phase of the manoeuvre and the direction of turn being 
undertaken. Also, the procedures being verbalised reflected all three levels (strategic, 
tactical and operational) of the model proposed by van der Molen and Botticher 
(1988). Therefore during the manoeuvre of roundabout negotiation drivers are 
implementing procedures at two different levels of processing, phase of manoeuvre 
and driving procedures. This is contrary to van der Molen and Botticher's (1988) 
model that describes only one level, the operational level. These results have 
questioned two aspects of van der Molen and Botticher's (1988) model; the nature of 
the processing at the operational level (small, unconscious behavioural corrections or 
processing attended to in short-term memory) and its structure (two levels rather than 
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one). The extent to which the structure indicated by the data can be considered 
schematic is discussed next. 
3.4.2 Schema Theory 
Two characteristics of schema theory tested for in the experiment were slots and 
common structure. Slots were defined as: recurrent information that is present in all 
(or nearly all) occasions when the schema is activated (e.g. a dog is a mammal). The 
results did not produce evidence of slots within the drivers' protocols. It was found 
that there was no driving procedure, of the twenty-two tested, which was mentioned 
by all 45 drivers at a particular roundabout or roundabouts. A probable cause for the 
lack of evidence for slots in this study was the use of protocols as a methodology for 
collecting data. 
Several investigators (Claparede, 1934; de Groot, 1978) have observed marked 
differences in the spontaneity and richness of think aloud protocols and suggested that 
these may be related to the ease and skill with which participants transform non-orally 
coded information to external speech. Johnson (1964) noted individual differences in 
the pattern of verbalising, some subjects giving fluent verbalisations and some 
adopting a "think-then-summarise" approach. Some subjects may transform 
automatically, whereas others may require a conscious effort for this transformation 
and verbal production (Ericsson and Simon, 1993). In addition to this, the data have 
been analysed at a group rather than individual level. It is possible that the differential 
manner in which the drivers produced their protocols may have been responsible for 
the unsuccessful attempt to identify driving procedures that were mentioned by either 
all the drivers or all the drivers in a particular group. 
By changing the level of analysis to an individual level it may be possible to examine 
issues relating to fixed categories. In order to make multiple comparisons at a 
particular roundabout or group of roundabouts over time a repeated measures design 
should be used. This methodology would allow some of the issues raised above to be 
addressed and would make it possible to determine how stable over time both groups 
of drivers and individual drivers concurrent verbalisations would be (see Chapter 4). 
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The next paragraph considers how the results have indicated that the drivers were 
making use of a similar structure when producing their protocols. 
Rumelhart and Norman (1981) argue that a number of schemata, all spawned in 
different ways from the same sche~ will share a good deal of common structure and 
it is possible to compare pairs of them to find the pattern of modifications required to 
get from one to the other. The patterns of driving procedures verbalised at the 
roundabouts may be indicative of common structure as it was found that they 
correlated significantly both within and between the two groups (experts and 
experienced drivers) across the five roundabouts studied. 
The expert group of drivers exhibited patterns of verbal protocols that were dependent 
upon the direction of turn, for example the two 'follow the road ahead' roundabouts 
correlated more closely with each other than a single 'follow the road ahead' 
roundabout correlates with a 'right tum' roundabout. Examining the percentages of 
the procedures mentioned could help us understand how this direction of tum effect 
emerged. For example, fewer drivers mentioned procedures whilst negotiating a 
roundabout where they took the first exit than the number of drivers who mentioned 
such procedures when following the road ahead or turning right (Figure 3.4). This 
may be considered an example of how a schema could evolve to create new schemas 
as the drivers, through experience, learn which of the twenty-two procedures will be 
needed for certain types of roundabouts (e.g. different directions of tum). Once again, 
to investigate this issue further a repeated measures design may be of use (see Chapter 
4). The next section considers the results in relation to the study of expertise. 
3.4.3 Expertise 
At least two of the characteristics of expertise that Chi et al. (1988) have put forward 
have been supported here: 1) experts possess larger sets of schemata or perceptual 
patterns that access or index declarative and procedural knowledge than do novices 
and 2) experts exhibit more context-dependent performance than do novices. The 
reasoning behind this statement is outlined below. 
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It was found that, when the amount of traffic encountered and the duration of the drive 
were accounted for, expert drivers made more comments than did the experienced 
drivers. Also of interest is the finding that the expert drivers mentioned more driving 
procedures than did the experienced drivers. These results suggest that the expert 
drivers protocols produced greater quantities of both declarative (the number of 
comments made) and procedural information (the number of driving procedures 
mentioned) than did the experienced drivers. The next paragraph considers the 
context dependent performance exhibited by the expert drivers. 
The patterns of verbalisations produced by the drivers revealed that the experts' 
protocols were more affected by the direction of turn than those produced by the 
experienced drivers. These results show that the expert drivers' performance is 
context dependent as the numbers of procedures mentioned and the nature of the 
procedures mentioned was affected by the roundabout they were negotiating as well as 
the direction of turn being undertaken. 
3.4.4 Summary 
Evidence has been found that calls to question van der Molen and Botticher's (1988) 
three-level structure of driving. The results have shed uncertainty on two aspects of 
their model; the nature of the processing at the operational level (small, unconscious 
behavioural corrections or processing attended to in short-term memory) and its 
structure (two levels rather than one). In relation to schema theory no evidence of 
slots (or fixed information) was found within the drivers' protocols but there was 
strong evidence that the verbalisations produced by the drivers had a similar pattern 
indicating the presence of common structure. This finding suggests that the drivers 
were making use of the same underlying structure when generating their protocols. It 
is possible that variables such as the method of data collection (the use of concurrent 
verbal protocols), the level of analysis (group rather than individual) or the fact that 
each driver only negotiated each roundabout once may have contributed to the lack of 
evidence for slots in the present study. In order to make multiple comparisons at a 
particular roundabout or group of roundabouts over time a repeated measures design 
should be used. This methodology would allow issues relating to slots, the stability of 
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drivers' protocols across time, and the nature of expertise to be addressed. The 
stability of drivers' protocols is particularly interesting as a repetition of the findings 
reported above would strengthen the argument that van der Molen and Botticher's 
(1988) model does not accurately reflect the structure that is used by drivers when 
they process information whilst carrying out a manoeuvre. The next chapter in this 
thesis will therefore examine drivers' protocols using a repeated measures design. 
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Chapter 4 Stability of Concurrent Verbal Protocols 
Given by Experienced and Expert Drivers 
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4.1.0 Introduction 
Verbal protocols have been used in a wide range of task domains to collect data 
including problem solving tasks (Gagne and Smith, 1962), nurses' clinical decision-
making (Henry, LeBreck and Holzemer, 1989) and information technology training 
(McGeorge and Burto~ 1989). In addition to these a previous study in this thesis, in 
which 27 experts and 18 experienced drivers drove through five roundabouts, also 
made use of concurrent verbal protocols. This study showed that the verbal protocols 
produced by two different groups of drivers correlated across five roundabouts 
suggesting that the drivers were making use of a similar structure when producing their 
verbalisations. It was also shown that experts provided more information and were 
more sensitive to certain types of detail than were the experienced drivers. The aim of 
the study in Chapter 3 was to determine whether van der Molen and Botticher's (1988) 
three-level model of driving was suitable for describing the manoeuvring (also termed 
operational) level of the driving task. The suitability of this model has been 
questioned. 
To summarise, the task analysis described in Chapter 2 (pg 30) indicated that the task 
of negotiating a roundabout would consist of three superordinates and twenty-two 
driving procedures. The three superordinates related to the stages of the manoeuvre 
and were entitled Approach, Negotiate and Leave. The twenty-two driving procedures 
were the tasks the drivers had to carry out in order to complete the manoeuvre (e.g. 
adjust speed on the approach, signal to leave junction). These procedures were used to 
code the verbalisations produced by the drivers. Two areas of van der Molen and 
Botticher's (1988) model were questioned; the nature of processing at the operational 
level (small, unconscious behavioural corrections or processing attended to in short-
term memory) and the suitability of its structure (should there be two levels rather than 
one to describe driver manoeuvring?). 
The question of whether the task of roundabout negotiation exhibited schematic 
properties was also of interest and it was found that, though there was no evidence of 
slots (or fixed information) within the drivers' protocols there was strong evidence that 
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the verbalisations produced by the drivers had a similar pattern. This indicated the 
presence of common structure that was being used by the drivers to produce their 
protocols. It was argued that the lack of evidence for slots might have been due to the 
verbalisations themselves or the design of the experiment (participants were exposed to 
each condition only once). 
In an effort to determine the stability of drivers' protocols this chapter presents a study 
in which 12 experts (i.e. Department of Transport Approved Driving Instructors) and 
12 experienced drivers performed the same task on 4 separate occasions. The task 
required the drivers to provide concurrent verbal protocols whilst driving along a 
preset urban route. This study focuses particularly on how expert and experienced 
drivers describe how they negotiate roundabouts. As before, the aim of the study is to 
test van der Molen and Botticher's (1988) three-level control model of driving and 
identify schematic characteristics within driving. The following paragraphs discuss 
why such evidence might be found. The three-level model (van der Molen and 
Botticher, 1988) is discussed first. 
4.1.1 Three-level model 
The three level model offered by van der Molen and Botticher (1988) argued that the 
operational level, where manoeuvring plans are carried out (having been formed in the 
tactical level), operates by initialising closed loop processes that lead to small, 
unconscious behavioural corrections (e.g. steering and manipulating the accelerator in 
order to maintain correct course) and speed. The results of the task analysis and the 
verbal protocols experiment described earlier indicated that drivers consider all three 
levels (strategic, tactical and operational) of control whilst actually carrying out the 
driving procedures required when completing the manoeuvre. Additionally, the results 
of the verbal protocols showed that drivers verbalised operational level processes (e.g. 
reducing and increasing speed, steering and changing gear). These results suggest that 
the drivers were switching between the levels of control suggested by van der Molen 
and Botticher (1988) whilst carrying out a routine manoeuvre (i.e. a non-emergency 
situation). An experiment carried out by van der Hulst, Meijman and Rottengatter 
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(1999), which investigated drivers' maintaining of their headway, could also illustrate 
how drivers may be switching between the different levels of control whilst carrying 
out a particular manoeuvre. Their experiment is outlined below. 
Drivers' Headway 
The term 'maintaining a headway' refers to the skill a driver uses to maintain a safe 
following distance from the vehicle in front. In order to achieve this the driver will 
need to be able to respond to the visual information as well as control the speed of 
their vehicle. 'Time headway' is defined as the distance between two cars divided by 
the speed of the following car. Thus, time headway reflects the time available for the 
driver to avoid a collision with the car ahead and can therefore be regarded as a safety 
margin. Distance keeping involves maintaining the preferred headway and the 
detection of decelerations of the lead car (van der Hulst et ai, 1999). 
The detection of relevant information, such as the perception of the size of the vehicle 
in front increasing, depends not only on perceptual factors, but also on the expectations 
of the driver. Based on experience, drivers know where and when relevant information 
is likely to appear and what other road users are likely to do in the near future (van der 
Hulst et aI, 1999). In an experiment that used four deceleration conditions (fast and 
expected, fast and unexpected, slow and expected, and slow and unexpected) of a 
leading vehicle, van der Hulst et al (1999) were able to show that drivers' expectations 
affected the minimum time headway reached in the deceleration scenarios. When the 
lead car decelerated unexpectedly, headway was much shorter than when it decelerated 
expectedly. In the expected deceleration scenarios drivers did not wait until the lead 
car actually decelerated but increased their headway in advance, even though initial 
headway was rather long already. Therefore the drivers displayed what Fuller (1984) 
referred to as anticipatory avoidance response. 
The result obtained by Van der Hulst et aI (1999) indicates that drivers use visual clues 
(the observational skills required to detect decelerations), expectations (which have 
been built up as a result of experience in driving) and car control skills (e.g. releasing 
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the accelerator or applying the brakes) whilst maintaining their headway from the 
vehicle in front. It is possible to argue that this behaviour represents all three levels of 
the model offered by van der Molen and Botticher (1988). Drivers are displaying 
strategic behaviour when choosing their headway as this is related to the long-term 
safety motivation of arriving at their destination. The observational skills that detect 
the change in circumstances ahead and formulating a manoeuvring plan (e.g. to ease off 
the accelerator) would be examples of tactical behaviour during this manoeuvre. The 
actual change in behaviour required to carry out the manoeuvring plan would be 
carried out at the operational level as normal behaviour. The study carried out by van 
der Hulst et al. (1999) also indicated how important expectations are to drivers when 
formulating their manoeuvring plans. Such anticipatory behaviour could suggest that 
the drivers make use of schemas when producing such plans. The following section 
considers how the present experiment may indicate that the structure required when 
processing the information at a roundabout may be schematic. 
4.1.2 Schemas and Driving 
Rumelhart and Norman (1981) argued that a number of schemata, all spawned in 
different ways from the same schema, will share a good deal of common structure and 
it is possible to compare pairs of them to find the pattern of modifications required to 
get from one to the other. A possible interpretation of the finding that the drivers' 
patterns of verbalisations correlated across both driver groups (expert and experienced 
drivers) and all five roundabouts is that the drivers were making use of the same 
structure to produce the verbal protocols. Also, the experts' protocols were found to 
be sensitive to the direction ofturo. It may be possible to use this finding to determine 
how the common structure indicated above may develop into a structure that is specific 
to a certain direction ofturo. By investigating the structure of drivers' protocols 
across time it may be possible to identify recurrent information (i.e. procedures that 
drivers verbalise repeatedly) in the patterns produced. The importance of recurrent 
information to schematic structure is outlined next. 
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Recurrent Information 
Recurrent information refers to information about a concept that is nearly always true. 
An example of such recurrent information at roundabouts is that they are generally 
circular in nature. In schema theory recurrent information is held in the slots that make 
up a particular schema. An important feature of slots is that they have default values. 
That is, the schema contains information about what values to assume for incoming 
information that is unspecified (Rumelhart and Norman, 1981). An example ofa 
default value for the slot that refers to the fact the roundabouts are normally circular in 
nature would be that the traffic rotates in a clockwise direction (in countries where 
drivers drive on the left) around the roundabout. When a driver observes a roundabout 
in the distance a schema will be instantiated that offers the best match to the 
information the driver is receiving. The default values (e.g. traffic travels in a 
clockwise direction, give-way to traffic from the immediate right) in the schema will 
help the driver to form expectations relating to what they are about to deal with. 
In order to test for the presence of slots in drivers' protocols it is necessary to use a 
repeated-measures design. This would allow mUltiple comparisons to be made at a 
particular roundabout or group of roundabouts over time. If the drivers mention the 
same driving procedure on all occasions then it could be argued that they are making 
use of recurrent information when generating their protocols. The aims of the present 
experiment are summarised below. 
4.1.3 Summary of Introduction 
The structure indicated by the task analysis (Chapter, pg 30), and has been supported 
by the first protocol experiment, has been shown to be contrary to van der Molen and 
Botticher's (1988) model and may be more schematic in nature. This experiment 
requires drivers to drive the same route on four separate occasions whilst producing 
concurrent verbal protocols. If the structure of drivers' protocols is found to be stable 
across time, and that structure is similar to that found during the first protocol 
experiment, the argument that van der Molen and Botticher's (1988) model does not 
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represent the structure that drivers use when carrying out a manoeuvre will be 
strengthened. 
4.2.0 Method 
4.2.1 Participants 
In all there were 24 participants. Of these 12 were professional driving instructors (10 
males, 2 females) and 12 were experienced drivers (6 males, 6 females). All of the 
drivers who were studied in this experiment had also taken part in the first protocol 
study. Again, all participants drove their own cars. The same preset urban route in 
Guildford that included five roundabouts was driven on three more separate occasions. 
This made a total of four commentary drives to be analysed. Verbal consent was 
obtained from the participants when they attended the university for another 
experiment where they were the instructors for a cohort of learner drivers involved in a 
separate research project. For the professional instructors who had attended the 
university with more than one learner driver the protocol data was collected on the first 
four times they attended the university irrespective of which learner driver they were 
teaching at the time. All the participants were paid for their participation in the 
experiment. 
4.2.2 Procedure 
A video recorder was attached to the front nearside passenger window by means of a 
suction mounting. It was forward facing and fitted with a wide-angle lens in order to 
capture as much of the lateral detail as possible in the scene. This meant that an an 
accurate count of the numbers of cars that may have affected the participants' actions 
could be made. Each subject wore an external tie-clip microphone in order to produce 
a clear audio track for coding. When the camcorder tapes were transferred onto VHS 
tapes the time elapsed since the start each of the drives was inserted in the bottom 
right-hand corner of the picture. 
At the beginning of the first commentary drive all subjects were informed that a 
commentary drive consists of thinking aloud whilst driving. If a subject asked what 
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they should talk about they were told to include anything that they thought was 
relevant to their driving. No practice was undertaken before the experimental drives. 
The subjects were only requested to think aloud during the section of the route that 
included the five roundabouts. The experimenter sat in the front passenger seat and 
directed the participants around the route. When the participant's car was about to 
pass a section of zigzag lines on the approach to the first roundabout they were told "I 
would like you to start thinking aloud now please". They were then left to verbalise, 
without any prompting, until being requested to finish thinking aloud after leaving the 
fifth roundabout; zigzag lines also marked this finishing point. 
All five roundabouts were urban roundabouts subject to a 30 mph speed limit. The 
direction of travel at each roundabout was as follows: 1) Right (3 rd exit), 2) Following 
the road ahead (l st exit) 3) Left (l st Exit), 4) Following the road ahead (2nd exit) and 5) 
Following the road ahead (2nd exit). A schematic diagram of the route used was 
presented in Chapter 3 (Fig 3.2). 
Coding Process 
A coder watched all the videos on a colour television and carried out the following 
three tasks: 1) Made verbatim transcripts of the drivers' protocols, 2) Made a count of 
all the traffic that could have affected the drivers' actions (these were defined as 
vehicles immediately to the right on the approach to the roundabout, vehicles in front 
and vehicles approaching from roads on the left once the driver was negotiating the 
roundabout) and 3) Recorded the start and end time of the commentary drive section 
and calculated the duration of the commentary drive section. 
Before the coding process could begin verbatim transcripts were broken into phrases. 
The phrases were then coded using the coding scheme generated by the task analysis 
(Chapter 2). An example of the process used is provided below. 
Verbatim Transcript: "As we come up to the next roundabout that we're going 
straight over. Again moving out to the right the outside lane. 
Checking right, its clear. Nearside mirror. Indicate left." 
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Phrases to be coded: As we come up to the next roundabout 
that we're going straight over 
again moving out to the right 
the outside lane 
checking right 
its clear 
nearside mirror 
indicate left 
The concurrent verbal protocols were entered into two databases. The first of these 
was a count of each of the phrases that the drivers made that were relevant to their 
driving. The second database was used to code the phrases according to 22 driving 
procedures (Figure 3.1). For example ifa driver said on the approach to the 
roundabout "There are several cars approaching from the right" it was coded as 
observation. An additional code was used in order to code any comments that were 
made by the drivers which the proposed twenty-two driving procedures did not cover 
making a total of23 codes. These coded comments provided the data to be analysed. 
4.3.0 Results 
The aim of the present experiment was to determine whether the structure of drivers' 
protocols was stable across time, and if so, whether it supported findings presented in 
the first empirical chapter (Chapter 3). If this were to be so, it would indicate that the 
structure of operational control in driving is schematic in nature rather than conforming 
to van der Molen and Botticher's (1988) model. The results presented below are 
divided into four sections: 1) descriptive statistics, 2) total numbers of procedures 
mentioned across drives, 3) recurrent procedures and 4) variable procedures. The 
descriptive statistics are presented first. 
4.3.1. Descriptive Statistics 
A total of 3 725 comments were recorded over all of the drives. The total numbers of 
comments for each of the driving procedures for each drive are displayed below (Table 
4.1). Only one driving procedure was never mentioned by any of the drivers. This was 
''Need for Lane Change". The numbers of comments totalled for all of the drivers 
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decreases from 999 on the first drive to 874 on the fourth drive. How the database 
was divided into variables is outlined next. 
Table 4.1: Numbers of Driving Procedures Mentioned by Drive 
Driving Procedure Drive 1 Drive 2 Drive 3 Drive 4 
Advance Information 112 112 127 121 
Intended Direction 101 86 81 82 
~llTors(Approach) 50 70 53 50 
Signal (Approach) 35 33 29 24 
Position (Approach) 25 22 12 20 
Speed (Approach) 103 93 93 75 
Observation 173 178 163 181 
Reassess Speed 10 5 3 4 
Decision to Enter 62 61 57 45 
Position (Negotiate) 20 16 12 12 
Need for Lane Change 0 0 0 0 
~irrors (Negotiate) 30 24 21 22 
Decide Lane Change 1 0 0 0 
Execute Lane Change 4 2 0 1 
Other Road Users 29 35 32 31 
Check Exit 1 3 2 0 
Signal to Leave Junction 46 52 41 43 
Steer Vehicle 6 7 8 12 
Check Road Ahead 19 30 24 35 
~irrors (Leave) 42 44 37 34 
Decide Speed 1 6 2 1 
Increase Speed 23 27 15 17 
Not Covered by Scheme 106 68 76 64 
Total Comments 999 974 878 874 
The database was made up of counts of the coded driving procedures: a count of the 
total number of procedures mentioned during each of the four drives, a count of the 
number of procedures mentioned for each of the roundabouts during each of the 
drives, a count of the procedures mentioned during each phase of the manoeuvre 
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(approach, negotiate and leave) for each of the roundabouts during each of the drives. 
the amount of time it took to complete the commentary section for each of the drives 
and, the amount of traffic present that could have an effect on the drivers' progress 
during each of the drives. The counts of the total numbers of procedures mentioned 
during each drive were analysed first. 
This database was then used to determine whether there were any patterns in the 
numbers of driving procedures mentioned by the drivers. Of interest was whether a 
practice effect and differences in the numbers of protocols given by the expert and 
experienced drivers would be observed. Four ANCOV As and two MANOV As plus 
Newman Keuls post hocs were carried out to investigate these issues. 
4.3.2 Numbers of Procedures Mentioned by Drive 
The aim of the first stage in the analysis was to determine whether there was an effect 
of driver type or practice on the numbers of procedures mentioned. The adjusted 
means for the total number of procedures mentioned produced by the first two 
ANOV As are displayed below (Table 4.2). 
Table 4.2: Adjusted Means for Numbers of Procedures Mentioned by Drive 
Denendent Variable Covariate ~ Drive 1 Drive 2 Drive 3 Drive 4 
Total number of Time 1 26.19 35.98 31.55 33.03 
Procedures Mentioned 2 14.89 22.62 21.29 16.63 
Total number of Traffic 1 26.23 36.01 31.49 31.79 
Procedures Mentioned 2 14.85 21.74 20.79 18.19 
Type: 1 = Expert Drivers, 2 = Experienced Drivers 
The first Ancova investigated the number of comments made by the drivers with the 
"time" variable entered as a covariate. This analysis revealed two main effects: an 
effect of driver type, F (1,20) = 15.29, P = 0.001; and an effect of drive number, 
F(3,62) = 11.91, P < 0.001. No interaction between driver type and drive number was 
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found, F(3,62) = 0.91, p > O.OS. Although the covariate was found to account for 
some of the variance it was not significant; t = -0.3S, p = 0.7S. Post hoc Newman 
Keuls revealed that the four drives were made up of three distinct groups. The first of 
these consisted of drive 1 (which had the greatest number of verba lis at ions recorded). 
the second consisting of drives 4 and 3, leaving drive 2 (which had the smallest number 
of verbalisations recorded) to form the third group. The results show that expert 
drivers mention more driving procedures than do experienced drivers. However, the 
significant differences in the numbers ofverbalisations indicated by the Newman KeuIs 
results failed to produce a sequential effect of practice as drive number 2 had the 
highest number of driving procedures mentioned. 
A second Ancova again used the number of comments made by the drivers but this 
time the "traffic encountered" variable rather than "time" was used as a covariate to 
control for the variance in the data caused by the presence of traffic during the four 
drives. As before this analysis revealed two main effects: an effect of driver type, F 
(1,19) = IS.14, P = 0.001; and an effect of drive number, F(3,S9) = 12.31, P < 0.001. 
Again no interaction between driver type and drive number was found, F(3,S9) = I.4S, 
p> O.OS. Although the covariate was found to account for some of the variance it was 
not significant; t = 0.94, P = 0.36. Post hoc Newman KeuIs again revealed that the 
four drives were made up of three distinct groups. The first of these consisted of drive 
1, the second drives 4 and 3, leaving drive 2 to form the third group. These results 
show that expert drivers mention more procedures than do experienced drivers. 
However the groups of drives produced by the Newman KeuIs tests did not reveal that 
practice resulted in drivers' mentioning fewer driving procedures. 
As the pattern of results produced by the two sets of post-hoc Newman Keuls tests 
does not indicate a sequential change across time in the number of driving procedures 
mentioned, it is a possibility that the same driving procedures were being mentioned on 
each subsequent drive. To investigate this possibility of recurrent information within 
the data, the dependent variable (driving procedures mentioned) has been split into two 
types: recurrent mentions and variable mentions. This is described below with the next 
87 
Anova investigating the presence of recurrent driving procedures within the drivers' 
verbal protocols. 
4.3.3 Recurrrent Procedures 
A new dependent variable was computed by counting up the number of procedures a 
driver mentioned at a particular roundabout at each of the four drives. This was done 
for each driver at all five roundabouts. These data could be considered constant in 
nature as the drivers had mentioned them irrespective of drive number, time elapsed or 
traffic encountered. A two-way repeated measures ANOVA was carried out in which 
the number of recurrent procedures mentioned was the dependent variable, driver type 
was the between-subject factor and the roundabout number was the within-subject 
factor. This analysis revealed a main effect of driver type, F(1,22) = 15.85, p < 0.001; 
a main effect of roundabout number, F(4,88) = 3.94, P < 0.01; and an interaction 
between driver type and roundabout number, F(4,88) = 2.86, P < 0.05. As there was a 
significant interaction between driver type and roundabout number post-hoc Newman 
Keuls were carried out separately for the two driver groups. 
The post-hoc Newman Keuls for the Expert Driver group revealed that the mean for 
the number of recurrent comments at Roundabout 2, the smallest mean of the five 
roundabouts, was significantly smaller than the mean for Roundabout 1, which was the 
largest mean of the five roundabouts. The order of the means (from smallest to 
largest) was: Roundabout 2 (following the road ahead, first exit), Roundabout Five 
(following the road ahead, second exit), Roundabout Four (following the road ahead, 
second exit), Roundabout Three (turning left, first exit) and Roundabout One (turning 
right, third exit). This result suggests that the complexity of the roundabout being 
described has an effect on the number of recurrent driving procedures mentioned by 
expert drivers. The post-hoc Newman Keuls failed to reveal any significant differences 
between the roundabouts for the experienced drivers suggesting that the complexity of 
the roundabout does not have an effect on the number of recurrent driving procedures 
they mention whilst producing concurrent verbal protocols. The effects of driver type 
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and roundabout number on drivers' protocols were further investigated by examining 
the number of variable driving procedures mentioned by the drivers. 
4.3.4 Variable Procedures 
A new dependent variable called ''variable procedures mentioned" was computed for 
each driver during each of the four drives by adding up the number of fixed procedures 
mentioned at each roundabout and then subtracting this total from the number of 
procedures mentioned variable. This procedure had the effect of removing the 
constant (i.e. recurrent procedures) from the variance leaving those driving procedures 
that drivers mentioned in response to drive number, time elapsed or traffic 
encountered. A repeated measures ANCOVA was carried out in which the between-
subject factor was the driver type, the within-subject factor was the drive number with 
time as a varying covariate. No significant effects were found: driver type, F(1,20) = 
2.88, p> 0.05; drive number, F(3,62) = 2.6, p > 0.05; two-way interaction between 
type and drive number F(3,62) = .67, p> 0.05. Although it accounted for some of the 
variance, using time as a covariate did not prove useful; t = 0.91, P = 0.37. An 
ANCOVA of the same design but with traffic as a covariate was then carried out to 
determine whether accounting for the variance caused by the amount of traffic 
encountered would have an impact on the results. 
A repeated measures ANCOVA was carried out in which the between-subject factor 
was the driver type, the within-subject factor was the drive number with traffic as a 
varying covariate. Two significant effects were found: driver type, F(1,20) = 4.64, P 
< 0.05 and drive number, F(3,62) = 3.22, p < 0.05. As was found in the previous 
ANCOVA, where the covariate was time, there as no evidence ofa significant 
interaction between driver type and drive number; F(3,62) = 1.58, P > 0.05. These 
results show, when the variance caused by the presence of traffic is accounted for, 
experts mentioned more variable comments and both driver groups made less variable 
comments with practice. The final analysis considered the effects of the following 
within subject variables on the number of driving procedures mentioned: phase of 
manoeuvre, roundabout number and drive number. 
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4.3.5 The Structure of Drivers' Verbalisations Across Time 
A MANOVA was carried out in which the dependent variable was the number of 
driving procedures mentioned, the between subject factor was the type of driver and 
the within subject factors were the phase of the manoeuvre, the roundabout number 
and the drive number. This analysis was carried out to determine whether there was 
any pattern in driving procedures verbalised by the drivers. A significant effect of 
driver type was found, F(l,22) = 25.26, p < 0.001, suggesting that the expert drivers 
consistently mention more procedures. A main effect of phase was found, F(2,44) = 
387.5, p < 0.001, which reveals that the phase of the manoeuvre has an effect on the 
number of procedures mentioned. An interaction between driver type and the phase of 
the manoeuvre was found, F(2,44) = 10.6, p < 0.001, which indicates that expert 
drivers say more per phase than do experienced drivers. 
A main effect of roundabout number was found, F(4,88) = 32.98, p < 0.001, which 
would suggest that the complexity of the roundabout has an effect on the amount of 
procedures drivers mention. An interaction between driver type and roundabout 
number was revealed, F(4,88) = 5.15, p = 0.001, suggesting that the complexity of the 
roundabout affects the protocols produced by the experts more than those produced by 
the experienced drivers. No main effect of drive number was found, F(3,66) = 2.44, p 
> 0.05 or interaction between driver type and drive number, F(3,66) = 0.9, p > 0.05. 
This would suggest that the design of this MANOVA, which has its emphasis on where 
during a particular manoeuvre rather than when during a drive procedures of driving 
are mentioned, has controlled for the effects that practice and traffic encountered may 
have on verbalisations. An interaction between phase and roundabout was found, 
F(8,176) = 21.27, p < 0.001, indicating that the nature of driving procedures 
mentioned at each phase of the manoeuvre varies according to the roundabout being 
negotiated. There was no evidence of a three way interaction between driver type, 
phase and roundabout, F(8,176) = 1.12, p > 0.05, revealing that the proportions of 
driving procedures mentioned at a particular roundabout between the two driver 
groups may be consistent. No interaction between phase and drive, F( 6,132) = 0.16, P 
> 0.05, or three way interactions between driver type, phase and drive, 
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F(6,132) = 0.75, P > 0.05 were found. This suggests that the effect of the phase of the 
roundabout upon the number of comments made may be consistent. 
Finally, no interaction between roundabout number and drive number, F(l2,264) = 0.9. 
p < 0.05 or three way interaction between driver type, roundabout number, or drive 
number, F(l2,264) = 0.58, p> 0.05, were found. These results indicate that the effect 
the complexity of the roundabout has on drivers ' verbalisations may be consistent. The 
means for the number of driving procedures mentioned by roundabout during Drive 2 
are displayed below (Figure 4.1). Because the drive number was not found to have an 
effect on the number of driving procedures verbalised in this analysis one bar chart is 
sufficient to display the significant effects. 
Figure 4.1: Mean Numbers of Procedures Verbalised by Phase and Roundabout 
During Drive 2 
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4.3.6 Summary of Results 
It was found that the drive number affected the number of protocols produced by the 
drivers. However, drive 2 had the highest number ofverbalisations so it was not 
possible to attribute this result to practice effects. When the number of variable 
procedures verbalised was studied it was found that the expert drivers mentioned more 
than did the experienced drivers and both groups mentioned fewer with practice. 
Experts made more comments overall (both recurrent and variable) and their recurrent 
verbalisations were affected by the complexity of the roundabout. Finally, the phase of 
the manoeuvre affected the numbers of comments made by the drivers. 
4.4.0 Discussion 
As there were several theoretical issues being addressed by this experiment this 
discussion has been split into two sections. These two sections deal with hierarchy and 
schema theory. The first section discusses whether the data support the view that the 
cognitive control of driving is structured into a three-level hierarchy. 
4.4.1 Hierarchical Model of Driving 
The previous protocol study questioned two aspects of van der Molen and Botticher's 
(1988) model of driving at the manoeuvring level of controL The two issues that were 
questioned were: the nature of the processing at the operational level (small, 
unconscious behavioural corrections or processing attended to in short-term memory) 
and its structure (two levels rather than one). The data reported above showed that 
drivers mentioned driving procedures that were at van der Molen and Botticher's 
operational level during all four drives (Table 4.2). For example, the driving procedure 
'Increase Speed' was mentioned 23 times on the first drive, 27 times on the second 
drive, 15 times on the third drive and 17 times on the fourth drive. This result shows 
that drivers not only mentioned driving procedures that are at a low level in the 
hierarchy, but they continued to mention them once they are familiar with the 
experimental task. Drivers also mentioned driving procedures that related to the two 
higher levels (strategic and tactical) of van der Molen and Botticher's (1988) model. 
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This suggests that, during a particular manoeuvre, drivers are switching between the 
three levels of control. The tactical and operational levels are considered to be short-
term and one would expect drivers to verbalise such information. However, the 
strategic level is considered to consist of long-term goals and as such may not be 
stored in the short-term memory. This would therefore make it unlikely that strategic 
information would be available for concurrent verbal protocols. The next paragraph 
discusses how the cognitive structure of driving may differ from van der Molen and 
Botticher's (1988) model. 
Two different factors were found to have an effect on the verbalisations drivers 
produced: the phase of the manoeuvre and the roundabout being negotiated. It was 
found that the phase of the roundabout being negotiated at any particular point during 
the commentary drive and also the roundabout being negotiated, especially for the 
expert drivers, affected the nature and number of verbalisations that were produced. 
There was also an interaction between the phase of the manoeuvre and roundabout 
number showing that roundabout characteristics can affect how the three different 
phases are verbalised. The patterns of verbalisations shown by the drivers at various 
points during the drive were shown to be consistent over the four commentary drives 
executed. 
This can be considered evidence that supports the notion of hierarchy within driving as 
two factors (phase of manoeuvre and roundabout number) have been shown to affect 
where drivers produce protocols. This suggests that at one level of the hierarchy 
would be the type of junction being negotiated (e.g. roundabout). The characteristics 
of the roundabout affect the information produced during verbalisation at another level 
of the hierarchy. In the present experiment this was demonstrated by looking at the 
phases of driving around a roundabout, approaching, negotiating and leaving. These 
results suggest that two levels of hierarchy may exist instead of the single operational 
level of control as suggested by van der Molen and Botticher (1988). The next 
paragraph examines whether there is evidence that roundabout negotiation could be 
schematic in nature. 
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4.4.2 Schemas and Roundabouts 
Of interest in the present experiment was whether there was evidence of recurrent 
information within the protocols. Recurrent information was defined as: information 
that is present in all (or nearly all) occasions when the schema is activated (e.g. at 
roundabouts traffic travels in circular direction). In order for a driving procedure to be 
regarded as recurrent it must be mentioned on each occasion (e.g. all four drives). In 
an earlier experiment, in which the drivers drove through a series of five roundabouts 
once, no evidence of recurrent information was found. It was suggested that by 
changing the level of analysis from a group level to an individual level and also making 
use of a repeated measures design that the presence of recurrent information might be 
indicated within the data. The number ofverbalisations that were considered recurrent 
mentions was computed by counting up the number of procedures a driver mentioned 
at a particular roundabout at each of the four drives. This was done for each driver at 
all five roundabouts. The comments were considered recurrent in nature as the drivers 
had mentioned them irrespective of drive number, time elapsed or traffic encountered. 
It was found that the drivers did mention the same procedures across the four drives 
suggesting the use of recurrent information when the drivers were generating their 
protocols. The order of the means for the expert drivers was found to follow the 
complexity of the roundabout. That is, at the simpler junctions (where a driver takes 
the first exit) the expert drivers produced fewer recurrent protocols than at a more 
complex junction (where drivers turned right, taking the third exit). This shows that 
drivers not only produce similar information across time but the direction of turn can 
affect the number of recurrent procedures that they verbalise. The next paragraph 
considers the evidence relating to variable information. 
The number of variable comments was calculated as follows: the number of recurrent 
procedures mentioned at each roundabout was subtracted from the total number of 
driving procedures mentioned. This procedure had the effect of removing the constant 
(i.e. fixed information or slots) from the variance leaving those procedures that drivers 
mentioned in response to drive number, roundabout characteristics, and time elapsed or 
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traffic encountered. When the variance related to the traffic encountered was 
accounted for it was found that expert drivers mentioned more variable procedures 
than did the experienced drivers and both groups mentioned fewer variable procedures 
as a function of practice. 
4.4.3 Summary 
The results replicated the first experiment using verbal protocols as two levels were 
once again indicated within the operational level of control. The use of a repeated 
measures design has produced evidence of recurrent information within drivers' 
protocols. However, due to the nature of verbal protocols the recurrent information 
produced by the drivers was collected at an individual level before statistical analyses 
were carried out. In order to overcome the shortcomings of using verbal protocols to 
collect data from drivers another methodology should be considered. Errors have been 
extensively used in the field of driver behaviour to collect data on drivers. Use of an 
independent expert to record the errors made by drivers may shed light on a wider 
range of behaviour than has been provided by drivers producing concurrent verbal 
protocols. The next two chapters in this thesis examine the errors made by learner 
drivers whilst negotiating urban roundabouts. 
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Chapter 5 The Structure of Leamer Drivers' Errors 
at Urban Roundabouts 
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5.1.0 Introduction 
The studies carried out earlier have indicated that there may be two processing levels 
within drivers' operational behaviour at urban roundabouts: phase of manoeuvre and 
driving procedures. It was also shown that drivers verbalised procedures relating to 
all three levels (strategic, tactical and manoeuvring) of van der Molen and Botticher's 
(1988) model of cognitive control. Both of these two findings seem to contradict their 
model and strengthen the possibility that driving may be schematic in nature. Some 
support for this postulation was found as the presence of two schematic 
characteristics, common structure and recurrent information, was evident in the 
verbalisations produced by the participants. The present experiment examines the 
structure of errors committed by learner drivers whilst negotiating urban roundabouts 
to determine whether it supports earlier findings in this thesis. The following 
paragraphs discuss how errors may arise and how schema theory can account for their 
ongm. 
5.1.1 Errors and Schema Theory 
Error has been the subject of a considerable amount of research in psychology 
involving many different activities such as speech (Baars and Motley, 1976; Dell, 
1986), aircraft control (Fitts and Jones, 1961), maintaining nuclear power plants 
(Ramus sen, 1981) and learning to drive (Groeger, Whalen and Greening, 1997). 
There is a reasonable amount of agreement that errors can involve two 
psychologically different kinds of 'straying': the unwitting deviation of action from 
intention; and the departure of planned actions from some satisfactory path towards a 
desired goal (Reason et aI., 1990). Norman (1983) stated that if the action is not what 
is intended (e.g. plan to change gear from fourth to second but select first instead), 
then it is a slip. 
An interesting aspect of slips is people's ability (or inability) to detect them (e.g. in 
the gear change example provided above the driver may realise that he has selected 
the wrong gear and then moves the lever from first to second before re-engaging the 
clutch). Many slips are caught at the time they are made. Sometimes they are caught 
97 
just prior to their occurrence, but with insufficient time to prevent the act, or at least 
the initial stages of the act. For a slip to be started, yet caught suggests that there must 
exist some monitoring mechanism of behaviour - a mechanism that is separate from 
that responsible for the selection and execution of the act Norman (1981) . Norman 
(1981) has put forward an action theory that attempts to account for the formation of 
such slips. This theory is outlined below. 
Norman's Activation Trigger Schema System Theory 
The theory of human action outlined by Norman (1981) has proposed that a parent 
schema and numerous child schemas represent an action sequence. The path from 
intention to action consists of the activation of the parent schema that corresponds to 
the intentio~ the activation of child schemas for the component parts of the action 
sequence, and then the appropriate triggering of schemas when conditions match those 
required for their operations (Norman, 1981). The structure generated by the task 
analysis (Chapter 2, pg 21) can be used to illustrate this theory. The schemas at the 
general driving level would contain information to pertaining to the route. Once a 
roundabout is observed, or sufficient visual clues suggest the presence of a roundabout 
(e.g signs, traffic movement), a child schema (approach roundabout) would be 
triggered. This would then lead to the appropriate schemas being activated that would 
control the actions required to complete the driving procedures competently. This 
process was referred to as the Activation-Trigger-Schema system or ATS (Norman, 
1981). Norman's theory proposed that there were three major sources of action slips: 
1) the formation of the intentio~ 2) activation and 3) triggering. The classification 
used to present these different types of slips that Norman (1981) used is displayed 
below (Table 5.1). To help demonstrate how his model accounts for slips Norman 
(1981) provided some examples relating to the three sources of error. Some of these 
are provided below. 
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Table 5.1: A Classification of Slips Based on Their Presumed Sources 
Slips that result from errors in the formation of the intention 
Errors that are not classified as slips: errors in the determination of 
goals, in decision making and problem solving, and other related 
aspects of the determination of an intention 
Mode errors: erroneous classification of the situation 
Description errors: ambiguous or incomplete specification of the 
intention 
Slips that result from faulty activation of schemas 
Unintentional activation: when schemas not part of a current action 
sequence become activated for extraneous reasons, then become 
triggered and lead to slips 
Capture errors: when a sequence being performed is similar to 
another more frequent or better learned sequence, the latter may 
capture control 
Data-driven activation: external events cause activation of schemas 
Associative activation: currently active schemas activate others 
with which they are associated 
Loss of activation: when schemas that have been activated lose 
activation, thereby losing effectiveness to control behaviour 
Slips that result from faulty triggering of active schemas 
False triggering: a properly activated schema is triggered at an 
inappropriate time 
Failure to trigger: when an active schema never gets invoked 
Because: 1) the action was pre-empted by competing schemas, 
2) there was insufficient activation, either as a result of forgetting 
or because the initial level was too low and 3) there was a failure 
of the trigger conditions to match. 
The first types of slip displayed above are those that result from errors in the 
formation of the intentions. Some slips of selection occur either when all the relevant 
information needed to form the appropriate intention is not available or when an 
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appropriate intention has been fonnulated, but the description of the desired act is 
insufficient. An example of such a slip would be the intention to say "You need a 
coin to turn that slot" but the actual sentence said was: "Y ou need a pencil to turn that 
slot." Faulty activation of schemas can also account for errors. 
The activation of a schema can be faulty in two ways: a schema may be 
unintentionally activated, thereby causing an action to intrude where it is not 
expected; or a schema may lose its activation before its appropriate time to control 
behaviour has occurred, thereby leading to omission of its components of the action 
sequence. An example of a slip caused by faulty activation, in the following case a 
capture error, was given by Norman (1981) having previously been described by 
Reason (1979): "I meant to get my car out, but as 1 passed through the back porch on 
my way to the garage 1 stopped to put on my Wellington boots and gardening jacket as 
if to work in the garden." 
Finally, a schema could be correctly selected but could still lead to a slip because it is 
triggered improperly (either at the at the wrong time or not at all). An example of an 
error relating to the faulty triggering of an active schema would be the following 
(Norman, 1981, pg 11): "I was typing a note to some students, stating when 1 could 
meet with them. 1 was mentally reviewing my day as 1 typed. I had a lunch 
appointment at 12:00pm, so 1 decided 1 could meet with them at 2.00pm. I typed 'can 
we eat'. 1 then realised the error and changed the 'eat' to 'meet'." 
In relation to the structure of roundabout negotiation currently being developed in this 
thesis some examples of the three sources of error could be as follows (The 
procedures are those described in the initial task analysis in Chapter 2): 
1) Slips that result from errors in the fonnation of the intention - a learner 
during procedure #6 (Position on the Approach) may decide to use the 
right-hand lane when following the road ahead instead of the (correct) left-
hand lane (this, according to Norman's (1981) classification above, would 
be considered a mode error). 
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2) Slips that result from faulty activation of schemas - a learner approaching 
the roundabout with the intention to follow the road ahead activates a 
schema for left-turns instead and, as a result, applies an incorrect left signal 
(Procedure # 4). 
3) Slips that result from faulty activation of the correct schemas - a learner 
approaching a roundabout with the approaching schema activated triggers 
the observation schema (Procedure #7) too late during the approach 
causing them to miss a car approaching from the right. 
The above outline of Norman's (1981) ATS theory has provided a schema-based 
account of how errors may arise. The next section outlines van der Molen and 
Botticher's (1988) view of errors in relation to their model. 
5.1.2 Driving Errors and the Three-level Model 
van der Molen and Botticher (1988) discussed driving errors in relation to their 
theoretical model of driving but did not use their model to explain the nature of error. 
Instead they refer to Reason's GEMS (1985, 1990) model (see Chapter 1, pg 12) 
which itselfis based on Rasmussen's (1980) three levels of behaviour control and 
Norman's (1981, 1983) theory of slips and mistakes. van der Molen and Botticher 
(1988, pg 542) made the following comparison: 
"Most of the time, skilled based behaviour would be positioned at our Operational 
level, rule based behaviour at our Tactical level and knowledge based behaviour at our 
Strategic level. However, exceptions are conceivable. Shifting gears, for instance, 
should always be placed at our operational level. For expert drivers it is skill-based. 
For novice drivers, however, it will gradually develop from being completely 
knowledge based, to being rule-based and, finally to being skill-based." 
As van der Molen and Botticher (1988) refer to schema-based accounts of error 
causation and skill development (progressing from knowledge based to skill based) in 
driving, is it possible that the structure of a particular driving manoeuvre would also 
be schematic in nature? The findings in the verbal protocol experiments (Chapters 3 & 
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4) suggested schematic characteristics (e.g. presence of common structure and 
recurrent infonnation) could have been responsible for the manner in which drivers 
produced their verbalisations. Furthermore, it was found that drivers mentioned all 
three levels of van der Molen and Botticher's (1988) model when generating their 
protocols. The present experiment aims to determine the structure of learner drivers' 
errors that results from driving through a series of urban roundabouts. If it is found 
that learners errors also exhibit the grouping of different levels (i.e. errors for 
procedures at different levels of van der Molen and Botticher's hierarchy occurring 
together) on a particular drive, and therefore not the result of progressing through the 
Rasmussen's (1980) three performance levels as they improve their skills, it would 
indicate that the structure of operational control may be schematic. The identification 
of errors that the learners commit whilst undertaking the experimental task is 
discussed next. 
5.1.3 Identifying Driving Errors 
When assessing a driver's performance it is necessary to consider the 'outcome' of 
their behaviour. This 'outcome' is only truly observable in the light of some standard, 
or expectation, of what the appropriate behaviour is, or how long a response should 
ordinarily take (Groeger, 1990). The wayan expert may behave in a particular driving 
situation can be used to set this standard. 
An Approved Driving Instructor (ADI) collected the data for this experiment. As the 
ADI can be considered an expert it is necessary to consider how they may identify 
errors whilst observing somebody carrying out the driving task. Leplat (1990, pg 
1394) proposed that an error identified by an expert within driving could be as 
follows: "The error could relate to a general goal, as indicated in the Highway Code: 
e.g., 'Always remain in control of the speed of your vehicle'. It may also relate to the 
conditions to be taken into consideration when carrying out the task, which may not 
have been fully appreciated (e.g. not reducing speed in a potentially hazardous 
situation). 
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Another area in which errors may be identified is in relation to the procedure that is 
implemented. Once a specialist has defined the procedure to follow when undertaking 
a particular manoeuvre, they may consider any deviation from this procedure to be an 
error (Leplat, 1990). In the present context, errors were defined as deviations from an 
appropriate standard, which was set as the standard required in order to pass a U.K. 
driving test. The ADI recorded errors in relation to the following thirteen categories: 
Gears, Accelerator, Clutch, Footbrake, Handbrake, Steering, Mirror, Signal, 
Observation, Position, Speed, Hazard Awareness and Other Road Users. As it was 
felt this coding scheme was too general in nature for investigating a particular type of 
manoeuvre, the numbers of errors recorded by the ADI were then recoded using the 
coding scheme generated by the task analysis (Chapter 2, pg 30). These recoded data 
were then analysed. 
5.1.4 Summary of Introduction 
The discussion above has shown how the structure proposed by Norman (1981) is 
similar to that being currently investigated (i.e. three superordinates and twenty-two 
driving procedures). Previous findings using concurrent verbal protocols have 
indicated that this structure may be appropriate when modelling a driving manoeuvre 
at the operational level of control and it therefore may be contrary to the model put 
forward by van der Molen and Botticher (1988). The present experiment uses a 
second methodology, recording learner drivers' errors, to determine which theory may 
be the appropriate explanation of the structure of the operational level of driving. If it 
is found that the structure proposed by the task analysis can be applied to driving 
errors in the manner that it was successfully used to code concurrent verbal protoco Is, 
then the view that driving may be schematic in nature would be strengthened. 
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5.2.0 Method 
5.2.1 Participants 
L-drivers. Data is reported on 78 participants (45 male, 33 female). The average age 
of the participants was 17 years 3 months (min. 17 years 0 months, max. 18 years 8 
months). The sample used in this study was taken from a larger study that 
investigated the use of instruction and error as indices of improvement (Brady, 
Groeger and Whalen, 1998). All participants were volunteers with no previous formal 
experience of learning to drive a car. The participants attended the university for 
several observed drives. The data reported below was collected during their first 
drive. The participants had responded to advertisements in the press and leaflets 
distributed at local schools. 
Accompanying Instructors. Prior to commencing their observed drive each L-driver 
was asked to identifY the person whom they believed would be their main driving 
teacher. It was this person that accompanied the participant on their drive (the 
Accompanying Instructor). The Accompanying Instructor could either be a 
professional instructor or a non-professional teacher, although in the current sample a 
non-professional teacher was invariably a parent or guardian. In total 45 L-driver + 
professional instructor pairings and 33 L-driver + non-professional instructor pairings 
participated. 
5.2.2 Procedure 
All the L-drivers drove around the same route in the car in which they normally 
learned to drive. The route was a circular drive, 7.57 miles long, consisting of 
suburban driving with 5 roundabouts, each of which was encountered once on the 
outward journey and once on the return. The speed limit was 30 mph and sections at 
the beginning and end of each drive were on roads that make up part of the campus of 
the University of Surrey. 
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Before the learners were taken out on their observed drives an experimenter took the 
instructors on a familiarisation drive around the route. This was done to avoid the use 
of a pre-set route distracting the instructors from their teaching task. During the actual 
observed drive the instructors also had a copy of the relevant page from a Guildford 
A-Z that had been enlarged with the route highlighted on it. Apart from using a pre-
set route, the instructors were free to teach in the manner that they normally would 
during a lesson. 
On each drive an experienced Approved Driving Instructor (ADI) was present in the 
car. He sat in the rear seat of the vehicle, behind the L-driver, and remained silent 
throughout the drive. It was decided that he would sit behind the driver so that his 
presence would not obstruct the learner's vision when they were carrying out 
reversmg exerCIses. 
Coding Process 
The coding apparatus that the ADI used to record the errors had been devised for use 
in the study from which the current sub-sample had been taken (Brady, Groeger and 
Whalen, 1998). This coding apparatus had thirteen error categories and the ADI also 
recorded the errors made by the L-driver in terms of their location, nature and severity 
(Figure 5.1). The severity of the error was then coded into three categories: 1) minor, 
2) serious and 3) dangerous. The standard against which the L-driver's errors were 
judged was that required to pass a UK driving test. Any errors coded as either serious 
or dangerous, if committed under driving test conditions, would have resulted in a test 
failure. The traffic conditions present at the time were taken into account during the 
coding process. The location of the error was recorded by marking a schematic 
diagram. The nature of the error was coded as follows: 1) omission, 2) commission, 
and 3) erratic. 
The Accompanying Instructor's comments in relation to the errors were also recorded. 
The standard against which the Accompanying Instructor's responses were judged 
was that which would be required to pass the Part 3 examination of teaching ability 
which professional instructors must pass in order to qualify as an ADI. The comments 
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were recorded according to five categories: 1) correct, 2) correct but given later 
during the drive, 3) missed, 4) incorrect and 5) poor instruction which lead to that 
error being committed. 
To record the errors the researching ADI had forms that were made up of two parts: 
1) a schematic diagram of the route on the left and 2) boxes in which to write the 
codes on the right of the sheet. When he observed an error he marked its location on 
the diagram and then filled in the details relating to the nature of the error and the 
Accompanying Instructor ' s comments. An example of the how errors were coded is 
provided below (Fig. 5.1). In this example the L-driver has omitted looking in the rear 
view mirror on the approach to a roundabout. The error was of a minor nature and the 
instructor did not give any feedback. 
Figure 5. 1: Apparatus for Recording Errors 
Type Severi ty Conunent 
Gears 
Accelerator 
~ Clutch ~ 
Footbrake 
Handbrake 
I Steering 
\ 
Mirror I I ..., 
.' 
Signal 
Observation 
Position 
Speed 
Hazard Awareness 
Other Road Users 
For the present experiment only the errors made whilst approaching, negotiating and 
leaving the roundabouts were of interest. As it was felt that the thirteen error 
categories presented above (Figure 5.1) were too general in nature to be u ed to study 
a particular type of manoeuvre the errors that were made at the roundabouts were re-
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coded using the coding scheme generated by the task analysis (Chapter 2). For 
example, if the observing ADI marked a signal error on the negotiating phase of the 
manoeuvre it was coded as Driving Procedure #17. Two extra codes were used for 
errors that were not covered by the coding scheme. The first of these (#23) was used 
for errors of a general nature (e.g. use of speed whilst negotiating) and #24 was used 
to code control related errors (accelerator, brakes, clutch, gears and handbrake). 
Experimental Roundabouts 
Errors that were to be considered to be occurring in relation to a roundabout were 
defined in the following manner: Those errors which happened after the 
Accompanying Instructor gave the direction for the roundabout (e.g. 'At the 
roundabout follow the road ahead') and before the car reached the appropriate speed 
for the road after leaving the roundabout. The roundabouts used were the same five 
roundabouts that were used during the protocol studies (Chapters 3 and 4) but were 
used twice as the observed drive was circular in nature (each roundabout was 
encountered once during the outward journey from the university and once during the 
return journey to the university) making a total often roundabouts available for 
analysis. The direction of turn at the ten roundabouts was as follows: 1) Following the 
road ahead (2nd exit), 2) Following the road ahead (3 rd exit), 3) Right (3 rd exit), 4) 
Following the road ahead (2nd exit), 5) Left (1 st exit), 6) Right (3rd exit), 7) Following 
the road ahead (l st exit) 8) Left (1 st Exit), 9) Following the road ahead (2nd exit) and 
10) Following the road ahead (2nd exit). This is further illustrated in the diagram 
below (Fig 5.2). The errors that were defined as having occurred in relation to the ten 
experimental roundabouts and had been recoded as outlined above provided the data 
to be analysed. 
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Figure 5.2: Direction of rum at Roundabouts 
Outward Journey 
Park Barn Estate 
Park Barn Roundabout (Roundabout Five) 
.... 4l1li1-----\5 
Southway 
Egerton Road 
The Royal 
Surrey 
County 
Hospital 
Hospital Roundabout (Roundabout Four) 
Sports Roundabout 
(Roundabout Three) 
.--__ --1._~ 
The Phillip Tesco Roundabout 
Henman Sports (Roundabout Two) 
Ground 
Return Journey 
unlverslh 
University Roundabout 
(Roundabout One) 
Park Barn Roundabout (Roundabout Six) 
Park Barn Estate 
Southway 
The Royal 
Surrey 
County 
Hospital 
Hospital Roundabout (Roundabout Seven) 
Sports Roundabout 
(Roundabout Eight) 
....----=--_--1._---. 
The Phillip Tesco Roundabout 
Henman Sports (Roundabout Nine) 
Ground 
5.3.0 Results 
University 
University Roundabout 
(Roundabout Ten) 
The objective of the experiment was to determine whether the errors recorded by the 
ADI could be used to help determine the infonnation processing structure that drivers 
use to negotiate a particular manoeuvre. Of interest was the extent to which the error 
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data would confirm the structure suggested by the task analysis (that is the 22 driving 
procedures). This was achieved by first coding the error data using the 22 driving 
procedures and then examining their structure using Principal Components Analyses. 
The data were examined to look for structure in the errors made during the entire 
manoeuvre. The approaching and negotiating phases were then examined individually. 
The final set of analyses tested the structure by using it to identify whether the errors 
made by learner drivers were affected by direction of turn and if this was so further 
analyses would hopefully reveal the exact nature of that effect. 
5.3.1 Descriptive Statistics 
The overall nature of the data is described first. In all, the learner drivers made 630 
errors that were identified by the AD!. Of these, 422 or 67% were covered by the 
twenty-two driving procedures present in the coding scheme. There were seven 
procedures (Intended Direction, Advance Information, Reassess Speed of Vehicle, 
Decision to Enter Junction, Need for Lane Change, Lane Change Decision and Lane 
Change Execution) during which the learners did not commit any errors. There were 
47 errors that were covered by code #23 (general driving faults not covered by the 
original coding scheme) (7.46%) and there were 161 errors covered by code #24 
(control errors not covered by the original coding scheme) (25%). There was a large 
variation in the number of these control errors committed by each learner driver 
ranging from 0 to 9. When examining the data it was revealed that the majority of the 
control errors (#24) were due to incorrect selection of gears, coasting (driving with the 
clutch disengaged) or poor co-ordination of the controls when moving off at the give 
way lines. That is 91 % of errors coded as #24 during the negotiating phase were 
related to stalling the car. This is a general driving fault, not specifically related to the 
negotiation of roundabouts. The errors committed by the pupils that were covered by 
the coding scheme are displayed below (Table 5.2). 
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Table 5.2: Errors by Driving Procedure 
MBA SA PA SPA OA PN MBN ORU CE SIG PL RA MBL SPD 1 SPL 
17 56 85 28 46 103 24 
. MBA - MIrrors on Approach 
SA = Signals on Approach 
P A = Position on Approach 
SPA = Speed on Approach 
1 1 52 4 1 2 1 1 
CE = Check Exit 
SIG = Signal to Leave 
PL = Position when Leaving 
RA = Check Road Ahead 
MBL = Mirrors after Leaving 
SPD = Decide on Speed 
1 
OA = Observations on Approach 
PN = Position whilst Negotiating 
MBN = Mirrors whilst Negotiating 
ORU = Other Road Users 
SPL = Increase Speed of Vehicle 
N=78 
The learner drivers made the most errors on the approach to the roundabouts (232). 
They committed 181 errors whilst negotiating the roundabouts and only 9 whilst 
leaving the roundabouts. This replicates the pattern found in the second protocol 
experiment where it was found that the number of verbalisations that drivers made 
was affected by the phase of manoeuvre. 
Before studying the structure of the errors committed by the learner drivers it was 
necessary to determine whether the type of accompanying instructor had an effect on 
the number of errors recorded by the AD!. It was possible that a significant difference 
in number of errors recorded could reflect a difference in the learners' performance 
and therefore, possibly a difference in their structure. An independent t-test was 
carried out which found that the two groups did not differ in the number of errors 
recorded by the ADI; t (76) = -1.06, p> 0.05. 
The next stage in the analysis was to investigate the structure of the errors to 
determine whether the procedures could be grouped into components. The first of 
these analyses investigated the structure of errors committed by the learner drivers 
across the fifteen procedures displayed above (Table 5.2). As described earlier there 
were no errors committed in 7 of the coded categories. 
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5.3 .2 Initial Analysis 
The protocol experiments (Chapters 3 & 4) showed that drivers' verbal protocols 
correlated significantly across all five roundabouts studied, suggesting that there may 
be a common structure being used by the drivers. The first analysis carried out below 
considered the error data from all ten roundabouts to determine whether an 
interpretable structure would be evident. Such a result would indicate that the 
learners, as a group, were committing similar errors as a result of negotiating the 
roundabouts. An exploratory Principal Components Analysis, in which the criterion 
for determining the components were those which had a eigen values of at least 1, was 
carried out. Therefore, no particular component solution was chosen nor were any 
rotations carried out. The analysis returned a six-factor solution that accounted for 
75.09% of the variance. The component matrix can be seen below (Table 5.3). 
Table 5.3: ComQonent Matrix for Driver Errors during Procedures3 with Procedures 
Arranged into ComQonents: only Component Loadings of Greater 
than 0.30 are Shown 
Procedures 1 2 3 4 5 6 
Check Road Ahead .990 
Check Exit .990 
Other Road Users .990 
Decide Speed .990 
Mirrors (Leaving) .781 
Observations .832 
Increase Speed .723 .329 
Position (Approach) -.378 .678 
Signal (Approach) -.421 .586 
Speed (Approach) .503 -.474 
Position (Leaving) 
Mirrors (Approach) .790 
Signal to Leave .631 -.434 
Mirrors (Neg) .725 
Position (Neg) .327 -.754 
Initial Eigenvalues 4.615 1.77 1.45 1.29 1.11 1.01 
% of Variance 30.77 11.82 9.7 8.63 7.42 6.75 
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The table above shows the procedures for which the errors have been found to co-
occur. Factor 3, for example has four different procedures loading onto it: Position 
(Approach), Signal (Approach), Speed (Approach) and Position (Negotiate). There 
are also some positive and negative loadings displayed in the table indicating that 
when there are errors occurring during some procedures other procedures are 
performed more efficiently by the learner drivers. Also, the matrix shows that six of 
the fifteen categories load onto two factors. This mixed result could be due to the 
performance of the pupils themselves or the nature in which the ADI coded the data. 
This examination of the component loadings (Table 5.3) suggests that an un-rotated 
six-factor solution does not provide the most interpretable account of the data. 
To analyse the nature of the errors committed by the learner drivers further a six-
factor solution was carried out with an oblique rotation applied. An oblique rotation 
was employed for this particular analysis, as this would maintain the relationships 
between the procedures. The structure matrix for the solution (which converged in 9 
iterations) is displayed below (Table 5.4). 
Table 5.4: Structure Matrix for Driver Errors during Procedures, with Procedures 
Arranged into Components: only Component Loadings of Greater 
than 0.30 are Shown 
Procedures 1 2 3 4 5 6 
Check Road Ahead .991 
Check Exit .991 
Other Road Users .991 
Decide Speed .991 
Mirrors (Leaving) .787 
Increase Speed .877 
Observations .876 
Position (Approach) .837 
Signal (Approach) .773 
Signal to Leave .794 
Mirrors (Approach) .769 
Mirrors (Neg) .795 
Speed (Approach) -.636 
Position (Neg) -.899 
Position (Leaving) .320 
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The structure matrix above shows a clearer pattern with none of the procedures 
loading onto more than one component. There is also only one negative loading and 
furthermore, the component concerned (6) has two procedures that relate to 
positioning. However, one of these procedures takes place during the leaving phase of 
the manoeuvre, a phase that only accounts for 3.08% of the errors committed, raising 
the possibility that it may be a misleading result due to the small numbers of errors 
committed in the leaving phase. It was decided that, as the phases of the manoeuvre 
has been found to affect the verbalisations of drivers (Chapter 4) and the present 
experiment has noted a large variation in errors across the three phases, Principal 
Components Analyses should be carried out separately for the Approaching and 
Negotiating phases of the manoeuvre. The leaving phase was not examined, as no 
significant results would be expected with the small number of errors that were 
committed. The first analysis looked at the five procedures for which errors were 
recorded from the approaching phase. 
5.3.3 Approaching Phase Analysis 
Looking only at those errors covered by the initial coding scheme, there were a total 
of232 errors recorded whilst the pupils were approaching the roundabouts. These 
errors were confined to five of the nine driving procedures that had been proposed for 
approaching roundabouts: Mirrors, Signal, Position, Speed and Observations. An 
exploratory Principal Components Analysis was carried out, and therefore no 
particular component solutions were chosen nor were any rotations carried out, to 
investigate the structure of the errors committed by the learners on the approach to the 
roundabouts. An eigen value of at least 1 was chosen as the criterion used for 
identifying components. This analysis returned a two-factor solution that accounted 
for 54.5% of the variance. The component matrix is displayed below (Table 5.5). 
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Table 5.5: Component Matrix for Driver Errors whilst Approaching, with Procedures 
Arranged into Components: only Component Loadings of Greater 
than 0.30 are Shown 
Procedures 1 2 
Signal .801 
Position .782 
Observations -.421 .686 
Speed .669 
Mirrors .490 
Initial Eigen Values 1.51 1.22 
% of variance 30.13 24.37 
The component matrix above shows one procedure (observations) that loads on to 
both the components. It is a negative loading for the first component, suggesting that 
when the ADI marked down errors that related to signalling and position he was less 
likely to also code an error for observation; whether this was a personal marking style 
or he was responding to different driving styles is not possible to determine. To 
investigate the relationship between the observations procedure and the remaining 
four procedures being examined, a second Principal Components Analysis was carried 
out. This analysis was carried out with a two-factor solution with an oblique rotation 
applied. The structure matrix from this particular analysis is displayed below (Table 
5.6). 
Table 5.6: Structure Matrix for Driver Errors whilst Approaching, with Procedures 
Arranged into Components: only Component Loadings of Greater 
than 0.30 are Shown 
Procedures 1 2 
Signal .815 
Position .804 
Observations .778 
Speed .349 .590 
Mirrors .530 
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The rotated structure matrix displayed above (Table 5.6) differs from un-rotated 
solution displayed earlier (Table 5.5). It is now the speed procedure that loads onto 
two components rather than the observations procedure. As the factor loading for 
speed is higher for component 2, suggesting that the speed errors are more likely to be 
observed in conjunction with observation and mirror errors rather signal or position 
errors, the following structure was proposed for the approach phase of the 
roundabouts: Component 1 = Signal and Position; Component 2 = Observations, 
Speed and Mirrors. To determine whether the negotiating phase would also produce a 
more clear structure than when examining the manoeuvre as a whole the five 
negotiating procedures for which errors were recorded (position, mirrors, other road 
users, and check exit) were examined next. 
5.3.4 Negotiating Phase Analysis 
This analysis was carried out using procedures from the negotiating phase to 
determine whether analysing the data at the phase of manoeuvre level would produce 
an interpretable structure. Such a result would indicate that the concept of phase of 
the manoeuvre is important to the modelling of a driving manoeuvre. There were 181 
errors that were coded by the ADI as the learner drivers were negotiating the 
roundabouts. These were coded as five (position, mirrors, other road users, check exit 
and signal to leave junction) of the eight procedures generated by the results of the 
task analysis. An exploratory Principal Components Analysis was carried out, and 
therefore no particular solution or rotation was applied to the analysis, to determine 
how the different procedures may be grouped into components. The criterion for 
determining which groupings of procedures would be considered components were 
those with an eigen value of at least 1. This analysis returned a two-factor solution 
that accounted for 61.68% of the variance. The component matrix is displayed below 
(Table 5.7). 
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Table 5.7: Component Matrix for Driver Errors whilst Negotiating, with Procedures 
Arranged into Components: only Component Loadings of Greater 
than 0.30 are Shown 
Procedures 1 2 
Other Road Users .994 
Check Exit .994 
Position .734 
Signal to Leave -.563 
Mirrors .449 
Initial Eigen Values 2.02 1.06 
% of variance 40.5 21.18 
The component matrix above (Table 5.7) shows a clear structure with two procedures 
(Other Road Users and Check Exit) loading onto the first component and three 
procedures (Positio~ Signal to Leave and Mirrors) loading onto the second 
component. Furthermore, these groupings remained stable when an analysis with an 
oblique rotation was applied. The first component consists of two procedures where 
the driver is looking out of the roundabout: 1) to determine whether other road users 
on approach roads to the roundabout are giving way (Other Road Users) and 2) to 
make sure intended exit is the correct one and observe its characteristics (Check Exit). 
The second component refers to the mirror, signal and position routine that must be 
carried out during the negotiation of the roundabout to ensure the vehicle is prepared 
to leave the roundabout in the correct manner. It is important to note that the signal to 
leave procedure has a negative loading on the fourth component. This result indicates 
that although all three procedures load onto the same factor it is possible that their 
coding by the ADI may have depended on environmental factors (e.g. direction of 
turn). This possibility is explored further in the direction of turn analyses below. 
As with the analyses done for the approaching phase, the analysis for the negotiating 
phase has shown that analysing the errors recorded by the ADI at the phase of 
manoeuvre level produces an interpretable solution. How these solutions may be 
structured is displayed below (Figure 5.3). The solutions presented above that were 
produced by the approaching and negotiating phases analyses were further tested by 
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recording the numbers of errors recorded for each factor and examining whether they 
were sensitive to the direction of turn being undertaken at the time. 
Figure 5.3: Structure of Components at Roundabouts 
I Approach Roundabout I I Negotiate Roundabout I I I ] I 1 
CI C2 C3 C4 
1 1 
I 1 I Position Taken Up I Mirrors I Signal to Leave I 
I I 
Other Road Users I Check Exit 
I I I 
Mirrors Speed Observations 
I 
I Signal Position 
5.3.5 Direction of Turn Analyses 
The analyses above have produced a structure that consists of four components 
(Figure 5.3). The number of errors recorded for these four components for the three 
different directions of turn (right, left and follow the road ahead) was then examined 
to determine whether this structure could be used to identify any differences in 
performance the learners may have exhibited due to the different directions of turn. If 
it was found that this structure could identify which procedures undertaken by the 
learners were affected by the different direction of turn it would strengthen the 
possibility that it is an accurate reflection of the task being examined, driving through 
a roundabout. How the roundabouts were selected for this analysis is described next. 
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There were three different directions of turn available for analysis; ahead, left and 
right. However, across the ten roundabouts there was considerable variation in layout 
making it important to select roundabouts with identical layouts for analysis (see 
Figure 5.2). There were five roundabouts where drivers followed the road ahead· of , 
these the two that had identical layouts were Roundabouts 9 and 10. There were three 
roundabouts where drivers took the first exit; of these Roundabouts 5 and 8 were 
selected for analysis. The remaining two roundabouts (3 and 6) were both 
roundabouts where drivers turned right, taking the third exit. Therefore the 
roundabouts that were selected for analysis were as follows: Ahead = 9 & 10, Left = 5 
& 8 and Right = 3 & 6. The numbers of errors recorded by component and direction 
of turn are displayed below (Table 5.8). 
Table 5.8: Errors by Component and Direction of Turn 
Components 1 2 3 4 
Ahead 13 14 0 43 
Left 21 20 0 11 
Right 20 26 0 49 
N= 78 
The table above shows that, for the roundabouts to be examined in the direction of 
turn analyses, no errors were recorded for procedures in component 3 (Other Road 
Users and Check Exit). Three one-way Anovas were carried out where the dependent 
variable was the number of errors recorded by the ADI and the within-subject factor 
was the direction of turn. The first analysis used the number of errors recorded for the 
two procedures (signal on approach and position on approach) loading on the first 
component. No direction of turn effect was found showing that the learners made 
similar numbers of errors across the three directions of turn for the first component; 
F(2,154) = 1.2, P > 0.05. The second component identified by the approaching phase 
Principal Components Analyses was investigated next. 
This analysis used the number of errors recorded for the three procedures (mirrors on 
approach, speed on approach and observations on approach) loading on the second 
component as the dependent variable. As was found for the first component. a 
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significant effect was not found to exist across the three directions of turo; F(2, 154) = 
2.07, p = 0.13. The next set of analyses investigated whether a direction ofturo effect 
could be observed within the data for the fourth component (during the negotiating 
phase). 
The third Anova analysed the fourth component, which was identified by the 
negotiating phase Principal Components Analyses and used the total number of errors 
recorded for the three procedures (position taken up, mirrors whilst negotiating and 
signal to leave junction) that loaded onto this component as the dependent variable. 
The analysis found that the numbers of errors committed by the learner drivers did 
vary significantly across the three directions ofturo; F(2,154) = 14.38, P < 0.01. This 
result shows that it is possible for the structure produced by the Principal Components 
Analysis to differentiate between the three directions of turn. The nature of the 
differences in the number of errors committed by the learner drivers across the three 
directions ofturo for the fourth component is investigated further below. 
The mean number of errors committed by the learner drivers, recorded in relation to 
the procedures loading onto the fourth component for the different directions of turn 
(from highest to lowest) were as follows: Right = .63, Ahead = .55 and Left = .14. 
Post-hoc Newman Keuls analyses showed that the numbers of errors recorded for the 
right and ahead directions ofturo were both significantly higher (p < 0.01) than those 
recorded for the left direction ofturo but there was no significant difference between 
the right and ahead directions. This difference is displayed below (Figure 5.4). 
Figure 5.4: Pattern of Significant Differences Between Directions ofTuro 
Right Ahead Left 
.63 .55 .14 
In the Principal Components Analysis done on the errors committed during the 
negotiation phase of the roundabout a negative loading for the signal procedure was 
found on the fourth component. It was suggested that a direction ofturo effect could 
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have been responsible for the mixed relationships between the procedures that loaded 
onto the component. The number of pupils who committed errors for the three 
procedures (position taken up, mirrors whilst negotiating and signal to leave) for the 
ahead and right directions of turn that loaded onto the fourth component were counted 
up and two Cochran's Q analyses was carried out on these frequencies. The numbers 
of learners who committed these types of errors for the three procedures concerned are 
displayed below (Table 5.9). 
Table 5.9: Numbers of Learners Who Committed Errors by Driving Procedure 
Position Mirrors Signal 
Right 14 17 17 
Ahead 27 3 7 
N=78 
The first Cochran's Q analysis carried out which analyses the frequencies of pupils 
who committed errors across the three procedures on the right direction turn found did 
not find an effect of procedure on the numbers of learners who committed errors: 
Cochran's Q (d.t: 2) = .51, P > 0.05. However, the Cochran's Q that was carried out 
on the ahead direction of tum did find an effect of procedure on the number of 
learners who committed errors: Cochran's Q (d.t: 2) = 29.18, P < 0.01. It has been 
found that the procedures for which pupils are likely to have difficulty completing 
competently are dependent on the direction of turn; in the data presented above (Table 
5.9) case the behaviour was much more varied during the ahead direction of turn with 
many learners incorrectly positioning their car during the negotiating phase when 
following the road ahead. 
These results show that the errors that the pupils made, or which errors the ADI 
recorded, for a particular procedure were dependent on the direction of turn. Both 
directions of tum show errors marked for signal and position but it is more likely that 
they would have been marked together during a right-turn as far fewer learners were 
found to commit signalling errors whilst following the road ahead. The table above 
(Table 5.9) also shows that during right turns there were more learners who committed 
mirror errors than there were committed when following the road ahead. These results 
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show how the combined results of the task analysis and the Principal Components 
Analyses can produce a structure that can then be used to identify where novice driver 
performance is affected by a particular driving manoeuvre. 
5.3.6 Summary of Results 
Out of the total number of the errors recorded by the ADI 67% were found to be 
covered by the coding scheme generated in Chapter 2 (pg 30). However, 25% of the 
errors recorded related to control errors (i.e. not roundabout specific) that were not 
covered by the coding scheme. It is possible that these control driving errors occurred 
because many of the participants were at an early stage in their learning. The task 
analysis did not produce sufficient numbers of procedures that accounted for the 
actual control of the vehicle but as discussed above vehicle control is not roundabout 
specific. On a more positive note, the use of the three superordinates (approaching, 
negotiating and leaving) produced by the task analysis to analyse the data was 
fundamental to the production of a clear structure. 
Principal Components Analyses carried out at the phase of manoeuvre level for the 
Approaching and Negotiating phases (the Leaving phase was not analysed due to the 
few numbers of errors recorded) produced a structure that had four components 
(Figure 5.2). This structure was tested to determine whether it could identify direction 
of turn effects within the data. This was successful as a direction of turn effect was 
found to exist in the fourth component of the error structure. It was found that the 
ahead and right directions of turn had a significantly greater number of errors recorded 
during the fourth component than did the left direction of turn. 
Although the overall numbers of errors were not significantly different between the 
ahead and right directions of turn further examination found that there were 
differences in the numbers of learners who committed errors during for the procedures 
involved. These results have confirmed the potential of the structure produced by the 
task analysis as a tool for analysing behaviour and have also highlighted an area that 
needs improvement (more procedures required that relate to the use of controls). The 
results have also indicated that the actions of a driver during the negotiating phase of a 
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manoeuvre may be the critical area to examine to determine what that manoeuvre 
demands of them. 
5.4.0 Discussion 
The results reported above have shown that the twenty-two driving procedures 
produced by the task analysis presented earlier (Chapter 2, pg 30) provide a useful 
starting point when examining the structure of driver behaviour at roundabouts, in this 
case learners' errors. The relationship of these findings to van der Molen and 
Botticher's (1988) hierarchical model of control in driving and schema theory and are 
discussed below, the first section comparing the 4 component structure produced by 
the Principal Components Analyses with the van der Molen and Botticher's (1988) 
three level model of cognitive control. 
5.4.1 The Structure of Learners' Errors in Relation to the Hierarchical Model 
The analyses carried out above produced the clearest structure when the approaching 
and negotiating phases were analysed separately. This supports the notion of separate 
phases in the structure of roundabout negotiation that was introduced when the task 
analysis was carried out (Chapter 2, pg 30). It was found that the approaching (which 
had the most errors recorded) and negotiating phases each had two components with 
varying numbers of procedures loading onto them (Figure 5.3). The leaving phase 
was not analysed due to the small numbers of errors recorded; a result that suggests 
that once the drivers have reached this phase the workload required by the manoeuvre 
has dramatically reduced. This also replicates the earlier finding (Chapter 4) that 
drivers' behaviour is affected by separate phases during a complex manoeuvre such as 
negotiating a roundabout. These results show that the "negotiating a roundabout' 
manoeuvre has a beginning, middle and an end. The advantage of having separate 
phases, each with several specialised procedures available for use, provides the driver 
with the ability to adapt their behaviour to the prevailing circumstances without 
having to resort to a change in their information processing structure. The hierarchical 
model of driving does not provide a detailed explanation of the different stages a 
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driver may need to pass through whilst undertaking a manoeuvre; this is discussed 
below. 
The model offered by van der Molen and Botticher (1988) does not provide an 
account of how a particular manoeuvre may be structured. They propose that once 
normal operational behaviour has commenced it proceeds in a closed-loop process 
unless an emergency situation arises. The example they use to illustrate their model 
(overtaking), discusses what a driver may consider when preparing to overtake and 
provides an emergency relay should a dangerous event occur during the manoeuvre 
itself (such as the vehicle being overtaken swerving). This emergency relay would 
revert control back from the operational level to a higher level of control. How the 
model changes control from a low level (operational) to a higher level under normal 
circumstances (e.g. a driver realising they need to change lanes on the approach to a 
junction) is not specified although they do state (van der Molen and Botticher, 1988, 
pg 541) that the top two task levels have both an activity-initiating function and a 
supervising and correcting function: "When a behavioural plan is carried out, the 
relevant expectations at the task level start to change immediately, due to both the 
behavioural choice itself and the course of events during the carrying out of the plan. 
Consequently, new judgements will be formed regularly, possibly leading to new 
decisions to correct the original plan or to go on to the following plan in time after 
finishing the first one." The mechanisms that would help such revisions in driving 
plans to take place are not fleshed out in their description of the model. This 
switching of information between the three levels of control is discussed further in the 
next paragraph. 
The components provided by the Principal Components Analyses often had 
procedures that related to different levels (Strategic, Tactical and Operational) of van 
der Molen and Botticher's (1988) hierarchy loading on them suggesting that more 
types of information were being processed during the operational level of driving than 
would be predicted by their model. For example, the fourth component had the 
following three procedures loading onto it: position taken up (Strategic, Tactical and 
Operational), Mirrors (Tactical) and Signal to leave (Tactical and Operational). This 
result shows how, within a particular manoeuvre, information relating to all three 
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levels of van der Molen and Botticher's (1988) model is being processed. Apart from 
the type of information being processed, their model does not state whether it would 
be in a serial or parallel fashion. The only contribution that is made to the type of 
processing that occurs between the levels was as follows (van der Molen and 
Botticher, 1988, pg 545): "Some processes require controlled sequential processing, 
but many of the processes at and between levels are carried out in the highly parallel 
and automatic mode." Schema theory may provide a clearer account of how the 
structure indicated by the present results may be controlled. 
5.4.2 A Schematic Explanation of Error Structure 
The Principal Component analyses at the phase of manoeuvre level have produced a 
clear structure that showed how the driving procedures could load onto different 
components. In addition to this, when the structure was tested (by determining 
whether it could identify a direction ofturo effect) it successfully identified which 
component was affected by the three directions ofturo analysed. Furthermore, when 
looking at the negotiating phase of manoeuvre, the numbers of learners completing the 
three procedures satisfactorily (mirrors, position and signal to leave) varied as a result 
of following the road ahead or turning right (e.g. more signal errors when turning 
right). This was a promising result as it showed how a structure, which had been 
arrived at independently (the task analysis), could be applied to a data set in order to 
determine exactly where (which driving procedures) a group of learner drivers may be 
having difficulty with a particular manoeuvre (e.g. a right turo at a roundabout). It is 
possible that these differences in the numbers of errors could relate to a variable 
(direction ofturo) in the schemas situated at the level of driving procedures. 
Being able to identify the areas (e.g. signalling and positioning whilst negotiating a 
roundabout) in which learner drivers are having difficulties with would be greatly 
beneficial when designing a training programme (e.g. which topics to cover at 
different times of the learning process) as it would ensure feedback is quickly applied 
in an area likely to be troublesome for a large proportion of pupils at a particular stage 
in learning to drive. Although research has shown that learner drivers acquire their 
skills according to a power function which therefore gives the opportunity to predict a 
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pupil's progress (Groeger and Clegg, 1994; Groeger and Clegg, 2000; Groeger et al 
1997; Brady, Groeger and Whalen, 1998), looking in more detail at the criteria that 
instructors use for deciding which areas of the task could prove troublesome, or when 
to introduce new topics to their pupils, would help to determine the evolution of the 
driving processing structure as learner drivers progress. How that structure may 
evolve is the subject of the next chapter in this thesis that investigates the errors that 
pupils make when driving the same route on four separate occasions. The degree of 
similarity that the present structure (Figure 2) has with Norman's (1981) Activation-
Trigger-Schema (ATS) system theory is discussed below using the fourth component 
as an example (Figure 5.5). 
Norman (1981, pg 4), when explaining how the various levels of schemas would work 
in his model, actually used driving as an illustration: "When I drive home from 
university, the intention to go home activates a host of relevant child schemas. These 
schemas then get triggered at appropriate times by satisfaction of their conditions by 
previous actions, by the environment, or by perceptions. I need not consider the 
details: I intend only that I should drive home. I can now do other tasks such as talk to 
a passenger, listen to the radio, and think about things other than driving. The normal 
schemas required for avoiding obstacles, maintaining speed, braking properly, and 
following the correct route all have been activated and all trigger themselves when 
appropriate conditions arise. Conscious attention to the task can vary, with the task 
itself demanding attention at critical points ... The essential assumptions are that any 
given action sequence is controlled by an ensemble of child schemas, that at any time 
numerous schemas for a number of different sequences may be active." The example 
given below (Figure 4) gives a specific, empirically based, example of how these 
parent and child schemas may be structured at the operational level of driving. 
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Figure 5.5: ATS Theory and Learners' Errors at Roundabouts 
General Driving (e.g. drive to University of Surrey) I I Parent (Intention) Schema I 
,w 
I 
Manoeuvre (Roundabout) Child Schema Parent Schem1 
" 
Superordinate (Phase 2) Child Schemas 
I I I ,Ir 
Mirrors \ Position \ Signal Child Schemas 
Although the proposal that twenty-two driving procedures could be thought of as 
action schemas gives appearance that the driving task must therefore consist of a large 
number of schemas, the number may not be as high as the first impression gives. 
Many of the procedures that have been proposed by the task analysis for roundabouts 
would also be useful in other driving situations. For example the four procedures 
required to carry out a safe lane change during the negotiating phase (Need for Lane 
Change, Mirrors and Blindspots, Decide whether its safe to Change Lanes, and 
Execute Lane Change) could also be used to change lanes in many driving scenarios 
including; changing position to pass a stationary obstruction, moving to the centre 
lane on a motorway having observed a vehicle accelerating down a slip road or when 
turning right in a one-way street. If a driver has a sufficient repertoire of procedures 
the correct ones required for a particular situation would be triggered by the 
appropriate environmental conditions creating what Norman (1981, pg 5) refers to as 
an ensemble of child schemas. At both a theoretical level (what the procedures may 
be and their structure) and an empirical level (the nature in which learner drivers 
commit errors at urban roundabouts) the above paragraphs have shown that a high 
degree of similarity exists between the view of the 0perationallevel of driving being 
developed in this thesis and Norman's (1981) A TS theory, and therefore to schema 
theory in general. The findings and their implications are summarised below. 
126 
5.4.3 Summary of Discussion 
The above discussion comparing the present data to the hierarchical model of driving 
(van der Molen and Botticher, 1988) and to schema theory has illustrated that the 
structure of the operational level of driving being developed in this thesis is more 
consistent to the latter of the two theories suggesting that driving may be schematic in 
nature. This finding is based on two features of data analysed above: the importance 
of using the phase of manoeuvre concept when analysing the data in order to obtain an 
interpretable structure using Principal Components Analyses and 2) the loading of 
procedures which represent different levels of van der Molen and Botticher's model 
(1988) onto the same components. 
The fact that the learner drivers did not commit any errors during some procedures 
(e.g. lane change execution) suggests that either the learner was competent at the 
particular procedure, their instructor prevented the error or the ADI collecting data 
missed the driving error whilst observing their driving. In the case of the former of 
these three possibilities it would appear that learners gain competence in some parts of 
the manoeuvre before others, a learning process that could help explain the difficulty 
they were having with the position, mirror and signal procedures whilst following the 
road ahead or turning right. Also, the data revealed that the learners were making 
many control errors which were not covered by the coding scheme (25% of all errors 
recorded) which suggests two possibilities; 1) learners at this stage are particularly 
prone to control faults and 2) the task analysis does not account for procedures which 
relate to the actual use of controls effectively. In order to confirm the nature of the 
structure of operational driving at roundabouts and to address the issues relating to 
control errors the next chapter examines error data from a sample of learner drivers 
who are close to test-standard. 
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6.1.0 Introduction 
This chapter examines how practice may affect the errors that learner drivers make 
whilst negotiating urban roundabouts. The learner drivers attended the University of 
Surrey on four separate occasions to take part in observed drives. An experienced 
Approved Driving Instructor (ADI) sat in the back seat of the car and recorded the 
errors that he observed. The earlier studies in this thesis (Chapters 3,4 and 5) have 
been investigating the operational level of driving to determine whether the structure 
that is evident in the data conforms closer to the three level model of cognitive control 
in driving offered by van der Molen and Botticher (1988) or to schema theory. The 
results presented in previous chapters have indicated that two characteristics of the 
operational level of driving, (1) the number of levels of control and (2) the type of 
information being processed, are contrary to van der Molen and Botticher's (1988) 
model. Of interest here is whether the structure implied by the results presented is 
constant when the driving task is repeated several times. This would validate the 
proposed structure and therefore strengthen the view that schema theory provides a 
better account of how driving may be organised in memory. The nature of the errors 
made by the learner drivers on repeated drives around the same route will be analysed. 
These drives were performed at various times as the drivers gained experience. A 
brief overview of how effectively the data collected thus far can be related to the two 
theories is provided first. 
Earlier chapters have found that the structure in memory of a particular junction type 
is likely to consist of three superordinates (approaching, negotiating and leaving 
phases of manoeuvre) and, at a lower level, driving procedures. Whether a driver 
mentions a particular procedure whilst generating concurrent verbal protocols was 
found to be affected by the following factors: direction of turn being undertaken at the 
time, whether or not they belonged to a group of experts and the number of times they 
had carried out the task. A direction of turn effect was also identified by this structure 
when it was used to examine the nature of the errors that learner drivers commit whilst 
negotiating roundabouts. These findings have given the impression that the structure 
of the operational level of driving at roundabouts conforms closer to schema theory 
than they do van der Molen and Botticher's (1988) model. The reasons underlying 
this view are briefly outlined below. 
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6.1.1 The Three-level Model and the Operational Level of Driving 
The results from the task analysis were the first indication that there may be two levels 
within the operational level of driving as it proposed the presence of the three 
superordinates mentioned above and twenty-two driving procedures. The presence of 
the three phases of manoeuvre was confirmed as it was found that the numbers of 
verbalisations (Chapter 4), or errors committed by learner drivers (Chapter 5), varied 
across the three phases with the approaching phase having the highest number of 
verbalisatons/errors followed by the negotiating phase and then the leaving phase 
which had relatively few. It was also found that, although the approaching and 
negotiating phases did not significantly differ in the error study, the negotiating phase 
(and in particular three procedures which loaded onto the same factor) revealed where 
the direction of turn effect (i.e. which procedures the learners were having difficulty 
with) was located within the structure (component 4 in the Principal Components 
Analyses). 
The possibility of a junction variable within driving was also raised as the drivers 
concurrent verbal protocols correlated across both groups (experienced and expert 
drivers) and all five roundabouts studied, a finding that suggests they may have been 
using a similar structure when generating their verbalisations. These findings are 
contrary to van der Molen and Botticher's (1988) model which views the operational 
level of driving as two types of processing within one level of control; normal 
operational behaviour (which takes place as closed-loop process until the 
manoeuvring plan at a higher level has been completed) and an emergency relay. As 
well as the number of levels that may be controlling the task of driving at this level, 
the nature of the processing was also questioned. van der Molen and Botticher (1988) 
proposed three levels in their model (strategic, tactical and operational) with the 
lowest level being very short-term in nature and controlling the manoeuvre whilst it is 
being completed. At the highest level of control the time span is long-term in nature 
and the middle level, tactical, is short-term. Each of these levels were responsible for 
a different type of processing (see Chapter 1) and, as such wouldn't be expected to 
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occur together in relation to one aspect of the driving task. How the structure 
indicated by the task analysis and the data presented in the first three experimental 
chapters differs from this is outlined next. 
The task analysis indicated that for some procedures to be completed satisfactorily 
information from more than one level of van der Molen and Botticher's (1988) model 
needed to be processed. For example, Position Taken Up (#10) requires the driver to 
adopt the correct position in the roundabout in relation to the information gathered 
during the Advance Information procedure (# 1 ) and the goal stated during the 
Intended Direction procedure (#2). If a driver was going to turn right at a roundabout 
they would need to remember this intention (strategic level) and the correct rules for 
this routine (tactical level) before carrying out the appropriate movements with the 
controls (operational level). The protocols collected from the drivers suggested that 
they were processing different levels of van der Molen and Botticher's hierarchy as 
the following transcript shows. This verbatim transcript was collected from an expert 
during his first commentary drive. How his comments could be considered in relation 
to van der Molen and Botticher's (1988) hierarchy is shown in italics: 
Roundabout's looking fairly clear for us (Tactical) 
As we come up checking the mirrors (Tactical) 
Quite a few cars coming up behind us now (Operational) 
Third car behind us is quite close to the car immediately behind us so I'm 
going to control the situation and ease off a little bit (Operational and 
Strategic) 
Into second gear (Operational) 
The roundabout's quite clear for us (Tactical) 
White car there, he's well back (Operational) 
Red car there, he's well back (Operational) 
Just checking the exit there from the A3. That's clear (Tactical) 
Mirrors (Tactical) 
Signalling down (Operational) 
Checking the inside mirror, making sure nobody's coming up the inside 
(Tactical and Strategic). 
The example above shows quite clearly that the instructor was verbalising all three 
levels of van der Molen and Botticher's (1988) hierarchy whilst negotiating a 
roundabout. The data from the error study also showed how different levels of their 
hierarchy could occur together as the components suggested by the Principal 
Components Analyses had procedures loading onto them that could represent varying 
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levels of the hierarchy. For example Component 4 had the following three procedures 
loading onto it: Position Taken Up (Strategic, Tactical and Operational), Mirrors 
(Tactical) and Signal (Tactical and Operational). This mix of levels being processed 
at the same time, or even being contained in a particular procedure (e.g. Position 
Taken Up) is contrary to van der Molen and Botticher's (1988) model. The above 
paragraphs have outlined how the operational structure produced by the task analysis, 
and then confirmed by the nature of the data analysed thus far, differs from van der 
Molen and Botticher's (1988) model. The reason why this structure is more 
representative of a schematic model is outlined next. 
6.1.2 Schematic Structure and Driving 
Schema theory postulates that schemas are hierarchical discrete knowledge structures 
that represent past actions or experiences. Schemas can also embed within one 
another and the schema that offers the best match to the information being processed 
inhibits schemas at the same level of abstraction but not those embedded within it 
(Groeger, 1997). For example, Norman's (1981) ATS theory put forward the 
following schematic structure: the path from intention to action consists of the 
activation of the parent schema that corresponds to the intention, the activation of 
child schemas for the component parts of the action sequence, and then the 
appropriate triggering of schemas when conditions match those required for their 
operations. This structure allows for what Norman (1981, pg 5) referred to as an 
"ensemble of child schemas" which, in the structure being developed in this thesis, 
could relate the superordinates and their associated driving procedures. For example 
the intention (parent level schema) to drive to a supermarket might generate a route 
that would involve encountering some roundabouts. Once the driver is approaching a 
roundabout the child schema for the approaching phase would be triggered which, in 
turn would trigger to the procedures required for the particular manoeuvre required 
(e.g. turn right at the roundabout to enter the supermarket car park). 
The concept of several schemas at various levels of the driving task (e.g. parent and 
child schemas) provides a structure closer to that evident in the present data (two 
levels with many different procedures available to the driver) than does the three level 
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model of control developed by van der Molen and Botticher (1988). Having 
determined that the structure of the operational level of driving can be better explained 
by schema theory than the three level model of cognitive control (van der Molen and 
Botticher, 1988) it is important to establish whether this structure is stable across time. 
Some indication of stability has already been found in this thesis as the second 
protocol study (Chapter 4) has found that drivers produce similar information across 
time when verbalising the driving task. It was also shown that the direction of turn 
could affect the number of recurrent procedures that they verbalise. However, before 
the issue of recurrent information could be studied in drivers' protocols, data needed 
to be collected first at an individual level due to the varying nature of the 
verbalisations. To investigate this issue of stability in greater detail a repeated 
measures design is used in this experiment in which recurrent information is collected 
at a group leveL Here the learner drivers complete the same drive on four separate 
occasions. How the performance of the learners may change as they gain experience 
is discussed next. 
6.1.3 Learner Driver Development 
To determine how efficiently people learn skills it is necessary to measure the extent 
of change in performance over time. Although a matter of some debate in the first 
half of the twentieth century, it is now widely recognised for the majority of skills 
studied that skill develops as a 'power' function of the practice the performer has had 
(Groeger, Whalen and Greening, 1997). Research has indicated that this power law 
applies to driving by using the amount of instruction given as an index of skill 
(Groeger and Clegg, 1994) and recording the errors made by learner drivers (Groeger 
et aI, 1997; Brady, Groeger and Whalen, 1998). Groeger and Clegg (2000) have also 
shown that this power law relationship holds for progress in learning to perform 
specific manoeuvres (e.g. turn left at a crossroads, park, etc.) In each case the number 
of times the manoeuvre or activity has been performed in the past determines the 
likelihood of instruction being required the next time it is performed. As a result of 
needing less instruction, the learners will therefore be developing towards an 
independent status and it is possible that the structure they are using to carry out the 
various procedures in subsequent drives is an evolved version of that measured in the 
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initial drive which was described in the first error study (Chapter 5). A theory of 
long-term working memory put forward by Ericsson and Kintsch (1995) provides an 
account of how this structure may develop. This is briefly outlined in the next two 
paragraphs. 
Long-term Working Memory 
A theory of long-term working memory that was proposed by Ericsson and Kintsch 
(1995) argues that people can acquire domain-specific memory skills that allow them 
to develop long-term working memory and thus extend their working memory for a 
particular activity. At a very general level long-term working memory can be 
characterised as being mediated by a retrieval schema in which information the person 
has encountered is encoded and stored in long-term memory and where it is associated 
with appropriate retrieval cues. The acquired nature of long-term working memory 
implies that differences exist between tasks and, in addition, that there are potential 
individual differences in the implementation of long-term working memory for a 
given task. 
Long-term working memory is acquired in specific domains to meet specific demands 
imposed by a given activity on storage and retrieval. Ericsson and Kintsch (1995) 
reviewed the evidence on working memory and memory performance in a wide range 
of skilled activities: acquired memory skills in short-term working tasks such as digit 
span, memory in skilled readers, and memory in expert performers in several domains 
such as mental calculation, medicine and chess. Individuals in all of these areas 
demonstrated an increased working memory capacity that is restricted to a certain type 
of information and specific type of activity. Therefore, it is possible that learner 
drivers acquire through practice and feedback from several sources (which could 
include their own interpretation, driving manuals and practicing with professional 
instructors or families and friends) their long-term working memory for driving tasks. 
This results in the appropriate procedures being learnt for a variety of different driving 
situations. As shown by the above discussion, it may be that these procedures 
represent examples of Norman's (1981) 'ensembles of child schemas' which are 
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triggered in order to control an action sequence. The aims of this experiment are 
summarised below. 
6.1.4 Summary of Introduction 
In the present experiment learners will be asked to drive the same route on four 
separate occasions, with the final occasion being close to the date they will be 
attempting their state practical driving test. The aim will be to test whether the 
structure indicated by the protocol studies and the first error study is still evident in 
the fourth drive, a result which would indicate both its stability and the recurrent 
nature of the driving task (i.e. as the same aspects of a manoeuvre would still prove 
troublesome, despite the learners increased skills). As the learners develop their skills 
it is possible that they will make less control errors (coded as #24 in the previous 
chapter) making it more likely that the twenty-two procedures described in the task 
analysis (Chapter 2, pg 30) will be sufficient to analyse their driving. If it is found 
that the structure described in previous chapters is stable across the four drives it 
would validate its configuration and therefore support the view that schema theory 
provides a better account of how driving may be organised in memory than does the 
three level model put forward by van der Molen and Botticher (1988). The analyses 
below investigate two issues relating to the two level, twenty-two procedure structure 
of the operational level of driving: 1) its stability and 2) its ability to account for errors 
with a more skilled sample of learner drivers. 
6.2.0 Method 
6.2.1 Participants 
L-drivers. Data is reported on 78 participants (45 male, 33 female). These were the 
same subjects as used in the error study in the previous chapter but each participant 
attended the University of Surrey on three further separate occasions to take part in 
observed drives making the total number of drives available for analysis for each of 
the participants to four. The time elapsed between the first and last drive for each 
participant varied from three months to ten months meaning that there was a small 
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increase in the average age of the participants on the last drive as compared to the 
first. As this difference was only a matter of months it was not considered likely to 
affect the data being collected. 
Accompanying Instructors Each participant had the same accompanying instructor 
for each of their four drives. That is the person who accompanied them on their first 
drive that was analysed in the previous experiment (Chapter 5). This was either a 
professional instructor or a non-professional teacher, although in the current sample a 
non-professional teacher was invariably a parent or guardian. In total 45 L-driver + 
professional instructor pairings and 33 L-driver + non-professional instructor pairings 
participated. 
6.2.2 Procedure 
All the L-drivers drove around the same route in the car in which they nonnally 
learned to drive on four separate occasions. The route consisted of a circular drive, 
7.57 miles long, consisting of suburban driving with 5 roundabouts, each of which 
was encountered once on the outward journey and once on the return. The speed limit 
was 30 mph and sections at the beginning and end of each drive were on roads that 
make up part of the campus of the University of Surrey. 
Before the learners were taken out on their first observed drive an experimenter had 
taken the instructors on a familiarisation drive around the route to avoid the use of a 
pre-set route distracting the instructors from their teaching task. This was not required 
for subsequent drives as the same route was being used. During the observed drives 
the instructors also had a copy of the relevant page from a Guildford A-Z that had 
been enlarged with the route highlighted on it. Apart from using a pre-set route, the 
instructors were free to teach in the manner that they normally would during a lesson. 
On each drive an experienced Approved Driving Instructor (ADI) was present in the 
car. He sat in the rear seat of the vehicle, behind the L-driver, and remained silent 
throughout the drive. It was decided that he would sit behind the driver so that his 
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presence would not obstruct the learner's vision when they were carrying out 
reversing exercises. 
Coding Process 
The coding apparatus that the ADI used to record the errors had been devised for use 
in the study from which the current sub-sample had been taken from (Brady, Groeger 
and Whalen, 1998). This coding apparatus had thirteen error categories and the ADI 
also recorded the errors made by the L-driver in terms of their location, nature and 
severity (Figure 5.1). The severity of the error was then coded into three categories: 
1) minor, 2) serious and 3) dangerous. The traffic conditions present at the time were 
taken into account during the coding process. The location of the error was recorded 
by marking a schematic diagram. The nature of the error was coded as follows: 1) 
omission, 2) commission, and 3) erratic. The standard against which the L-driver's 
errors were judged was that required to pass a UK driving test. Any errors coded as 
either serious or dangerous, if committed under driving test conditions, would have 
resulted in a test failure. 
The Accompanying Instructor's comments in relation to the errors were also recorded. 
The standard against which the Accompanying Instructor's responses were judged 
was that which would be required to pass the Part 3 examination of teaching ability 
which professional instructors must pass in order to qualify as an AD!. The comments 
were recorded according to five categories: 1) correct, 2) correct but given later 
during the drive, 3) missed, 4) incorrect and 5) poor instruction which lead to that 
error being committed. 
To record the errors the researching ADI had forms that were made up of two parts: 
1) a schematic diagram of the route on the left and 2) boxes in which to write the 
codes on the right of the sheet. When he observed an error he marked its location on 
the diagram and then filled in the details relating to the nature of the error and the 
Accompanying Instructor's comments. An example of the how errors were coded is 
provided in Chapter 5 (Fig. 5.1). 
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As for the previous experiment only the errors made whilst approaching, negotiating 
and leaving the roundabouts were of interest. As it was felt that the thirteen error 
categories on the coding apparatus was too general in nature to be used to study a 
particular type of manoeuvre the errors that were made at the roundabouts were re-
coded using the coding scheme generated by the task analysis (Chapter 2). For 
example, if the ADI marked a signal error on the negotiating phase of the manoeuvre 
it was coded as Driving Procedure # 17. Two extra codes were used for errors that 
were not covered by the coding scheme. The first of these (#23) was used for errors 
of a general nature (e.g. use of speed whilst negotiating) and #24 was used to code 
control related errors (accelerator, brakes, clutch, gears and handbrake). 
Experimental Roundabouts 
Errors that were to be considered as being committed in relation to a roundabout were 
defined in the following manner: Those errors which occurred after the 
Accompanying Instructor gave the direction for the roundabout (e.g. 'At the 
roundabout follow the road ahead') and before the car reached the appropriate speed 
for the road after leaving the roundabout. The roundabouts used were the same ten 
roundabouts that were studied during the first error study (Chapter 5). The direction 
of turn at the ten roundabouts was as follows: 1) Following the road ahead (2nd exit), 
2) Following the road ahead (3rd exit), 3) Right (3 rd exit), 4) Following the road ahead 
(2nd exit), 5) Left (1 st exit), 6) Right (3 rd exit), 7) Following the road ahead (1 st exit) 8) 
Left (1 st Exit), 9) Following the road ahead (2nd exit) and 10) Following the road 
ahead (2nd exit). This is further illustrated in the diagram presented in Chapter 5 (Fig 
5.2). The errors that were defined as having occurred in relation to the ten 
experimental roundabouts and had been recoded as outlined above provided the data 
to be analysed. 
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6.3.0 Results 
The aim of this experiment was to determine whether the structure arrived at during 
the first error study would still be relevant once the learners had gained more 
experience. If this were to be found it would lend more support to the evidence 
collected thus far regarding the structure of operational behaviour at roundabouts and 
therefore indicate that the structure of operational behaviour at roundabouts is closer 
to schema theory than it is to van der Molen and Botticher's (1988) three level model 
of hierarchical control. The results are spilt into three sections: a summary of the 
effectiveness of the coding scheme (the twenty-two driving procedures) at accounting 
for the errors observed, an analysis of the approaching phase of the manoeuvre to 
determine whether it is similar to that found before (Chapter 5, pg 108) and direction 
of turn analyses to test whether the structure would once again be able to identify 
differences that may exist due to the drivers taking different exits (ahead, left or right) 
at roundabouts. The effectiveness of the coding scheme is presented first. 
6.3.1 Coding Scheme Analysis 
In all, the ADI recorded 1899 errors (counted over all four drives) whilst observing 
the learners negotiate roundabouts. Table 6.1 below shows the break down of errors 
for each drive showing the number covered by the coding scheme and those errors in 
the categories #23 (errors relevant to the negotiation of roundabouts but not covered 
by the coding scheme) and #24 (errors of car control). 
Table 6.1: Errors Recorded by Drive and Coding Scheme 
Drive 1 Drive 2 Drive 3 Drive 4 
Coding Scheme 422 (66.98%) 344 (67.72%) 300 (75%) 268 (74.24%) 
General (#23) 47 (7.46%) 35 (6.89) 30 (7.5%) 22 (6.09%) 
Control (#24) 161 (25.55%) 129 (25.4%) 70 (17.5%) 1 71 (19.67%) 
Totals 630 508 400 361 
N= 78 
The table above shows that the numbers of errors drop as the learners gain experience. 
Also by the time the drivers reach Drive 4 the percentage of errors covered by the 
coding scheme has increased from 66.98% to 74.24%. However, 19.67% of the errors 
recorded on Drive 4 relate to control errors suggesting that the coding scheme is still 
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weak in relation to integrating the actual control of a car into its structure of 
roundabout negotiation. The learner drivers were producing varying numbers of 
control errors, ranging from 0 to 9 on the first drive and from 0 to 3 on the final drive. 
Also the number of learner drivers committing errors that fell outside the twenty-two 
procedures was decreasing as the learners were gaining competence in driving. For 
example on the first drive 65 learners committed control errors whereas on the final 
drive this number had dropped to 43. The frequency table (Table 6.2) below shows 
how many learner drivers were committing errors. 
Table 6.2: Frequency Count of Learners Committing Errors by Drive 
Drive 1 Drive 2 Drive 3 Drive 4 
Coding Scheme 76 77 74 73 
General (#23) 33 26 22 18 
Control (#24) 65 58 45 43 
N=78 
The numbers of learners who committed errors above were analysed using three 
Cochran's Q analyses. The first of these analysed whether the numbers of learners 
who committed errors that were covered by the coding scheme varied across the four 
drives. It was found that these numbers did not decrease: Cochran's Q (d.f. 3) = 3.53 , 
p> 0.05. The second test, which analysed the numbers of learners who committed 
errors that were coded as general faults (#23), also found that the numbers of learners 
who committed these type of errors did not decrease across the four drives: Cochran's 
Q (d.f. 3) = 7.45, P = .059. The third test considered the numbers of drivers who 
committed control errors and found that these did decrease across the four drives: 
Cochran's Q (d.f. 3) = 22.31, P < 0.01. These results show that as the learners gained 
experience less were committing control errors that were not covered by the coding 
scheme. As the fourth drive contains the least number of these drivers (e.g. 22 fewer 
than on the first drive committed control errors) it was decided that the structure of the 
errors committed would be studied using data from the fourth drive. As the first error 
study (Chapter 5) found behaviour was affected by the three phases of manoeuvres 
this variable (phase of manoeuvre) is briefly considered first to determine whether 
more infonnation would be gained from studying the three phases (approaching, 
negotiating and leaving) separately. 
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Phases of Manoeuvre; 4th Drive 
The numbers of errors recorded on the 4th drive only, which were covered by the 
coding scheme, are displayed below (Table 6.3). 
Table 6.3: Numbers of Errors Recorded by Driving Procedure During Drive 4 
Approaching Negotiating Leaving 
Mirrors Signal Position Speed Obs Position Mirrors Signal Mirrors Speed 
17 42 51 17 38 41 30 27 1 
N=78 
There were 14 procedures for which no errors were recorded: intended direction, 
advance information, reassess speed of vehicle, decision to enter junction, need for 
lane change, decide whether its safe to change lanes, lane change execution, other 
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road users, check exit, position when leaving, road ahead, mirrors before increasing 
speed, decide whether to increase speed and increase speed of vehicle. The numbers 
of errors for the three phases were as follows: 1) Approaching = 165,2) Negotiating = 
98 and 3) Leaving = 3. An examination of the procedures that had errors recorded 
during the approaching phase shows that these included the same five procedures 
(Mirrors, Signal, Position, Speed and Observations) as was found during the first error 
study. A Principal Component Analysis was carried out to determine whether these 
procedures conformed to the same structure as was found in the first error study and is 
discussed in detail in the next section. 
Whilst reviewing the errors recorded in the negotiating phase it was found that the 
three procedures that had errors recorded (Position, Mirrors and Signal to Leave) were 
the same procedures that the first error study found to make up the fourth component. 
To confirm whether the relationship between these three procedures was the same as 
was found during the first error study (Chapter 5, pg 117) direction of turn analyses 
were carried out. The leaving phase was not analysed further due to the very low 
numbers of errors (3) recorded. 
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6.3.2 Approaching Analyses 
The numbers of errors recorded for the five procedures during the approaching phase 
for which there were errors recorded are displayed above (Table 6.3). It is interesting 
to note that these are the same five procedures (out of a possible 9) that were found to 
have errors recorded during the first error study. As the learners were committing 
errors during the same procedures in Drive 4 as in Drive 1 a Principal Components 
Analysis was carried out with a two-factor solution and with an oblique rotation 
applied. This analysis returned a solution that accounted for 53.05% of the variance. 
The structure matrix is displayed below (Table 6.4). 
Table 6.4: Component Matrix for Driver Errors whilst Approaching, with Procedures 
arranged into Components: only component loadings of greater than 0.30 are shown 
Procedures 1 2 
Position .816 
Signal .787 
Observations .427 .627 
Speed .586 
Mirrors -.578 
Initial Eigen Values 1.56 1.09 
0/0 of variance 31.28 53.05 
The structure displayed above (Table 6.4) has the same structure as the initial 
Principal Components Analysis that was found when an exploratory Principal 
Components Analysis was carried out on the approaching procedures during the first 
error study (Chapter 5, Table 5.6). The same structure has been generated by the 
analyses done on both the 1 st drive and the 4th drive data. This indicates that the way 
in which the procedures are related to each other is stable across time. The next 
analysis examines whether the differences in the pattern of errors for the 3 directions 
of turn found in Drive I is replicated when the data for the 4th drive is analysed. 
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6.3.3 Direction of Turn Analyses 
The same six roundabouts were studied as were analysed in the first error study: 
Ahead (9 & 10), Left (5 & 8) and Right (3 & 6). The 4 components that were 
developed during the first error study (Chapter 5 pg 110) were used as the results 
above have confirmed their validity. In Drive 4, as in Drive 1, there were no errors 
committed for component 3. The numbers of learner drivers who committed errors 
during the three direction of turn are displayed below (Table 6.5). Three Cochran's Q 
analyses were carried out to determine whether the components would distinguish 
between the directions of turn. 
Table 6.5: Numbers of Learners who Committed Errors by Direction of Turn 
Ahead Left Right 
Component 1 11 8 13 
Component 2 9 16 15 
Component 4 14 4 31 
N=78 
The first Cochran's Q analysed the numbers of learners committing errors across the 
three directions of turn for the first component. This analysis found that there was no 
difference in the numbers of learners committing errors across the three directions of 
turn for the first component: Cochran's Q (d.f. 2) = 2, p> 0.05. The same result was 
found for the second component: Cochran's Q (d.f. 2) = 2.53, P > 0.05. However, as 
for the first error study, the fourth component found a difference in the numbers of 
learners committing errors across the three directions of turn: Cochran's Q (d.f. 2) = 
27.27, P < 0.01. It was found that the learner drivers had the most difficulty when 
negotiating right turns, again suggesting that right turns are the most complex 
manoeuvres when negotiating roundabouts. 
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6.3.4 Summary of Results 
The findings reported above have supported the findings in the first error study 
(Chapter 5) indicating that the structure of errors is stable across the four drives. The 
findings that have lead to this conclusion were as follows: 1) the pattern of the 
numbers of errors committed across the phases was repeated, 2) the same structure 
was indicated for the approaching phase using Principal Components Analyses and 3) 
the same direction of turn effect was identified by examining the numbers of drivers 
who commit errors on the three procedures (position taken up, mirrors and signal to 
leave) which loaded onto the fourth component. 
The coding scheme itself accounted for only 66.98% of errors on the first drive and 
74.24% on the fourth drive. Although it was found that the numbers of drivers who 
commit control errors (categorized #24 in the preceding chapter, pg 107) decreases as 
the learners gain experience, the control error classification still accounts for 19.67% 
of the errors recorded on the fourth drive. This finding suggests that the coding 
scheme is still weak in relation to integrating the actual control of a car into its 
structure of roundabout negotiation. 
6.4.0 Discussion 
The three findings summarised above have indicated that the structure of learners' 
errors is stable across time: 1) the pattern of the numbers of errors committed across 
the phases was repeated, 2) the same structure was indicated for the approaching 
phase using Principal Components Analyses and 3) the same direction of turn effect 
was identified by examining the numbers of drivers who commit errors across the 
three different directions of turn. These findings have validated the nature of the 
structure arrived at during the examination of the data presented in the first error study 
(Chapter 5) and have therefore strengthened the argument that schema theory may 
provide a better account of how driving is organised in memory than does van der 
Molen and Botticher's (1988) three level model of cognitive control in driving. 
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6.4.1 Evidence Supporting Schema Theory 
The total numbers of errors the learners made dropped from 630 on the first drive to 
361 on the fourth drive. It was possible that by the fourth drive they had reached a 
standard where they were less dependent on their instructor. Brady, Groeger and 
Whalen (1998) carried out a study in which learner drivers drove around a 7. 57mile 
urban route. This experiment used both errors recorded and the amount of instruction 
as measures of performance and showed that both of these reduced as a power 
function of practice. This result suggests that as learner drivers make fewer errors 
they are getting more independent (i.e. the instructors make fewer comments) and 
therefore could be driving more independently (i.e. at a higher standard suggesting a 
better level of skill). This is supported within the present data as it was also found that 
significantly fewer drivers were committing control errors on the fourth drive. 
However, despite being at a later stage in learning to drive the same procedures were 
causing difficulty in relation to the ahead and right directions of turn. 
This finding suggests that some procedures have been mastered (e.g. those which no 
longer have errors recorded) but others, especially those required when the manoeuvre 
is more complex in nature (such as a right turn), have yet to be developed to a point 
where their performance is satisfactory. That some procedures are learnt before others 
indicates that there may be several processes controlling the action sequence, a finding 
that is closer to Norman's (1981) 'ensembles of child schemas' than it is to van der 
Molen and Botticher's (1988) three levels of control. 
Although the structure of the operational level of driving suggested by the first error 
study was found to be stable across time, supporting the view that it may be schematic 
in nature, many control errors were not accounted for. Despite the learners being 
near to test-standard by the 4th drive, 19.67% of the errors recorded were control 
errors, all of which would fall within van der Molen and Botticher's (1988) definition 
of behaviour at the operational level. This suggests that it may be prudent to study the 
use of drivers' controls using another methodology to decide which theory (schema or 
hierarchical control) provides a better account of how this level of behaviour may be 
organised. A methodology that has proved useful for the study of car control by other 
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researchers (Duncan, Williams and Bro~ 1991; Groeger, Chapman and Stove, 1994) 
is the use of an instrumented vehicle. Such a methodology would capture all of the 
drivers' behaviour relating to the controls of the vehicle and therefore allow a detailed 
analysis of how they may relate to each other. The next chapter will therefore make 
use of an instrumented car to examine the use of car controls at urban roundabouts. 
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7.1.0 Introduction 
This chapter investigates the drivers' use of the controls of a vehicle whilst 
negotiating a car through an urban roundabout. Measurements were taken of the use 
of the following controls: accelerator, footbrake, clutch, steering wheel and gears. 
The speeds at which the vehicle was travelling and the time elapsed since leaving the 
starting point were also recorded. These data were then used to examine the level of 
driving control which van der Molen and Botticher (1988) refer to as the operational 
level. This study will examine whether van der Molen and Botticher's (1988) three 
level model of cognitive control or schema theory provides a better explanation for the 
manner in which drivers use the controls of their vehicle when negotiating an urban 
roundabout. The previous chapters have highlighted two possible reasons why van 
der Molen and Botticher's (1988) model may not be the best way to describe the 
driving task: (1) the number of levels and (2) the type of information being processed 
at the operational level of driving. These are briefly summarised in the next two 
paragraphs. 
7.1.1 The Structure of the Operational Level of Driving 
The task analysis carried out (Chapter 2, pg 30) suggested a three level structure at the 
operational level of driving: 1) general driving, 2) phases of manoeuvre and 3) driving 
procedures. The general driving level included variables such as the vehicle chosen, 
the route selected and the driving style adopted. The driving procedures required 
depend on which stage of the manoeuvre (approach, negotiate and leave) a driver is 
currently undertaking, a finding that has been supported by the protocol (Chapters 3 
and 4) and the error (Chapters 5 and 6) studies carried out earlier. This was the first 
finding that was contrary to van der Molen and Botticher's (1988) model; the second 
was the type of information being processed whilst a particular manoeuvre was being 
carried out. 
I t was found that drivers mentioned procedures that could be classified within all three 
levels of van der Molen and Botticher's (1988) model whilst producing their verbal 
protocols (Chapters 3 & 4). Also errors relating to procedures that represented the 
different levels of their model loaded onto the same component when the structure of 
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errors was examined using Principal Components Analyses (Chapters 5 & 6). These 
two findings indicated that the two higher levels (strategic and tactical) of van der 
Molen and Botticher's (1988) model were directly involved whilst the drivers were in 
the midst of carrying out a manoeuvre. The nature of the structure present during 
roundabout negotiation suggested by the task analysis, which has been supported by 
the data analysed thus far, along with the identification of schematic characteristics 
(common structure and the presence of slots within drivers' protocols), has lead to the 
proposal that schema theory provides a better account of the task being currently 
studied than does the three level model proposed by van der Molen and Botticher 
(1988). 
However, the two error studies have shown that the twenty-two procedures produced 
during the hierarchical task analysis (Chapter 2, pg 30) do not provide sufficient detail 
about how the controls of the car need to be used when negotiating roundabouts. The 
percentages of control errors that could not be classified by the coding scheme were as 
follows: Drive 1 = 25.55%, Drive 2 = 25.4%, Drive 3 = 17.5% and Drive 4 = 19.67%. 
It was therefore necessary to refine the focal point of the data being considered to 
determine which model (van der Molen and Botticher's three level model or schema 
theory) would provide a better explanation of the use of car controls during 
roundabout negotiation. van der Molen and Botticher's (1988) account of how the 
controls would be used during a manoeuvre is provided below. 
Behaviour at the operational level of control, in van der Molen and Botticher's (1988) 
model, consists of carrying out plans formed in the higher two levels (strategic and 
tactical) of the three-level hierarchy. The working of the operational, or manoeuvring 
level, of control in van der Molen and Botticher's (1988), model was described in the 
following manner (van der Molen and Botticher 1988, pg 541). 
"( 1) The (tactical) manoeuvring plan is carried out at the operational level as 
Normal Operational Behaviour. Its progress is continuously perceived by 
the driver because of small changes in the environment. Normally, these 
perceptions lead to small unconscious behavioural corrections, such as 
steering and manipulating the accelerator in order to maintain correct 
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course and speed. Operational behaviour takes the form of normal 
behaviour in a closed-loop process until the manoeuvring plan at the 
higher level is finished or corrected. 
(2) The closed-loop process can be short-circuited when the driver suddenly 
perceives a situation with a very high expected-accident probability. In 
such cases an Emergency Relay is switched on, leading to an Emergency 
Decision and an Emergency Manoeuvre. The Emergency Relay switching 
point may vary from one driver to the other and according to, for 
instance, experience. Decision making at this level probably boils down 
to choosing rapidly from a very limited number of forms of more or less 
effective emergency behaviour, such as turning the wheel, braking, 
etc." 
According to van der Molen and Botticher (1988) model then, apart from emergency 
situations, behaviour at the operational level of control consists of small, unconscious 
behavioural corrections (use of controls) that take place in a closed loop process. It is 
important to consider what would constitute a closed loop process before examining 
the data as the failure to show this type of processing within the use of drivers' 
controls would then question the model's portrayal of the operational level of driving. 
7.1.2 Closed-loop processing 
Closed loop motor output is largely dependent on task-intrinsic feedback (i.e. the 
previous activity initiates or adjusts the following one). All of the information 
required for performance is contained in the complex of activities that have been 
consistently performed together (Groeger, 1999). Flach (1999, pg 111) defines closed 
loop processing as "A system where all the components and rules for interaction are 
understood by the analyst. In other words, all relevant inputs, state variables, and 
outputs are available to the analyst. Examples of closed loop systems are games such 
as tic-tac-toe, checkers or chess. For these systems it is possible, in principle, for the 
analyst to enumerate all possible inputs, states and outputs." 
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In contrast, an open system is one where all the answers are not known and therefore 
all outcomes cannot be accounted for due to a limited capacity to observe the system 
as a whole or because of an incomplete theory of the system. These systems have 
unaccounted variability. The human operators in the cockpit of advanced tactical 
fighters, in chemical process plants, in air traffic control centres, in the space shuttle, 
or in the mission control centre are there as primary resource for dealing with 
unaccounted variability - for taking actions and making decisions in response to 
contingencies that were not (and in many cases could not have been) anticipated by 
the system designers (Flach, 1999). 
Two terms that are useful when evaluating whether a system is under closed loop 
control are the forward loop and the feedback loop. The forward loop determines how 
the system will control action by reflecting on constraints on action (e.g. brake too 
heavily in a car could cause the wheels to skid). The term 'degrees of freedom' is 
often used as the inverse of constraints as the higher the number of degrees of 
freedom, the greater the possibilities for action. The forward loop determines what 
the system can do (Flach, 1999). 
The term feedback loop refers to the connection from output back to the input. 
Responding to the relationship between the input and output generates the feedback in 
a closed loop system. For example, a closed-loop braking control system in driving 
would initiate the braking effort (the forward loop), or input, and the result from that 
input (the output) may be that not enough braking was applied and therefore the 
feedback loop would be used to pass this information back to the start of the system. 
This process would cause the system to apply more braking effort until the desired 
result is achieved. The diagram below (Figure 7.1) provided by Flach (1999) 
illustrates the closed loop information processing system. 
Figure 7.1: The Closed-loop Information Processing System 
Stimulus Encoding Pattern Decision Motor Response .. 
... 
-+ r--. ... Recognition Making Control ... ~~ ... ... 
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As outlined above when comparing closed systems and open systems it was noted that 
in an open system knowledge is not complete. However, in a complex behaviour, 
such as driving, the operator has some knowledge (which in some cases can be quite 
extensive) of relevant inputs, states and outputs raising the possibility that there could 
be some open loop processing involved in driving. An example of a model that takes 
advantage of knowledge about its own dynamics to respond directly to the input, but 
also retains the capacity to correct errors as they arise and thus contains both open and 
closed loop processing provided by Flach (1999) is illustrated below (Figure 7.2). 
Figure 7.2: Feedforward Model of Information Processing 
Feedforward 
Model of 
.. 
.... Plant 
Input Error Error ~, Plant Output 
0 .. Sensitivity ~O-+ Dynamics .. ~~ .... .... 
Feedback 
A feedforward controller can use its knowledge (e.g. a driver's knowledge of how a 
clutch operates) to act directly to input, in anticipation of future events. However, if 
knowledge is incomplete (such as a learner driver inconsistently finding the 'biting' 
point on a clutch), then the prediction of the feedforward component may not always 
be appropriate to reducing error (e.g. a learner rolling back on a hill-start). However, 
the feedback mechanism, which is monitoring error, can compensate for inaccurate 
predictions (by responding directly to error, in the hill-start example the response 
would be to raise the clutch pedal) and bring the system back on track. Feedforward 
components, then, depend on knowledge integrated over relatively long time constants 
and reflect automatic, skill or rule based responses to consistent features of the task 
environment. Feedback reflects tuning responses to moment-to-moment errors that 
arise due to either inaccurate prediction of the feed forward component or due to 
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unanticipated disturbances (knowledge based behaviour). For most complex systems 
the link between perception and action will be a combination of both feedback and 
feedforward control (Flac14 1999). The different types of processing offered in the 
model described in Figure 7.2 has been shown to be applicable in driving (e.g 
McRuer, Allen, Weir, and Klein, 1977) suggesting that operational behaviour may not 
consist purely of closed-loop processing as put forward by van der Molen and 
Botticher (1988). The present experiment examines the use of the controls of the car 
to determine whether there is a structure in the drivers' use of these controls and also 
the type of processing that may be taking place (closed or open loop). The next 
section outlines the experimental task. 
7.1.3 The Experimental Task 
The findings from the verbal protocol data (Chapters 3 and 4) and the learner drivers' 
errors data (Chapters 5 and 6) were first investigated by using a coding scheme that 
consisted of22 driving procedures (Chapter 2, pg 30). However, due to problems 
associated with collecting data using verbal protocols (individual differences in the 
drivers' generation of verbal protocols), as described in Chapters 3 and 4 (de Groot, 
1965; Johnson, 1964; Ericsson and Simon 1993) no evidence was found to suggest the 
presence of recurrent information (or slots in driving schemata) when the data was 
examined at the group level. When using the coding scheme (the twenty-two 
procedures) it was found that the scheme did not account for errors relating to the use 
of controls adequately. In order to overcome these shortcomings in data collection, 
another methodology that has proved useful by other researchers (Duncan, Williams 
and Brown, 1991; Groeger, Chapman and Stove, 1994) will be used, that of an 
instrumented vehicle. 
Using an instrumented car to collect data will capture all of the drivers' behaviour 
relating to the controls of the vehicle and will hopefully produce evidence of recurrent 
information at a group level within the driving task. Another advantage of using an 
instrumented vehicle is that all of the inputs used by the drivers to control their vehicle 
will be recorded and therefore it will be possible to determine at which point during 
the negotiation of the roundabout those actions occurred. This level of detail in the 
153 
data should make it possible to detennine any relationships that may exist between the 
procedures carried out during the negotiation of a roundabout and may help detennine 
whether they are closed loop in nature. 
7.1.4 Summary of Introduction 
Schema theory, hierarchical models of driving, driving task analyses and the 
recommended routines that are evident in driving manuals all suggest that evidence of 
structure may emerge when examining drivers negotiating a common driving 
manoeuvre. The aim of this study is to assess the degree of regularity, and hence 
structure, of the driving procedures that drivers carry out whilst negotiating a 
roundabout. The experiment reported here is a re-analysis of data collected by 
Groeger, Chapman and Stove (1994). 
7.2.0 Method 
7.2.1 Participants 
Thirty-two participants were divided into two groups, those who drove around the 
route clockwise and those who drove around the route anti-clockwise. This meant that 
for half the participants the first roundabout they encountered was the last encountered 
by the other group. Equal numbers of male and female participants were assigned to 
each group. 
7.2.2 Procedure 
After a short practice drive to familiarise the participants with the experimental 
vehicle, they all drove the same, instrumented car along a route in and around 
Cambridge. This route was circular in nature and fifty percent of subjects drove 
around the route clockwise leaving the rest to drive the route in an anti-clockwise 
direction. The route, which lasted 22.5 miles, consisted of urban, rural and motorway 
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sections including 3.S miles of30 mph zones, 4.2 miles of 40 mp~ S.7 miles of60 
mph and 9.1 miles of70 mph. 
The car, a V auxhall Astr~ with a four-speed manual transmission, was fitted with 
three computers. The first two of these recorded the following variables at a rate of 
five samples per second; accelerator position, steering wheel position, clutch position, 
gear engaged, braking pressure, pressure on steering wheel, vehicle speed, time since 
start of experiment, radar scene complexity measure, headway warning state, 
positional marker tone state (at the start and finish of each junction), radar trace 
distance (for up to five traces), radar trace power (for up to five traces). A third 
computer, sampling at 20Hz, recorded driver's heart rate, driver's eye movements and 
driver's palmar skin conductance. A video was also made of the visual scene directly 
ahead of the car. 
Description of Radar used 
The radar used for these trials operated at a frequency of77 GHz, which is the 
frequency recommended by the CEPT for use in Europe by automotive radar. This 
high frequency means that the transmissions have a wavelength of only 4mm, as 
compared with the wavelength of32mm used by typical marine navigation radar. 
This short wavelength plays a major part in allowing the transceiver and the antenna 
to be suitably compact for use in a car. The radar uses Frequency Modulated 
Continuous Wave principle (Griffiths, 1990, Stove, 1992) to obtain range resolution 
from a very simple microwave circuit. The transmitter power is only about 10m W, 
but this gives the radar sufficient sensitivity to see a car at ranges of 1 km, given a 
clear line of sight. In practice the maximum indicated range was limited to 127m by 
the processing. This is equivalent to a headway of2.S seconds at a speed of SOmis 
(114 mph or 180 kph). 
The antenna used determines the angular field of the view of the radar. That used in 
this study has a beam of about 3.S degrees. This means that the beam will completely 
fill a typical British road carriageway, with a width of3.6Sm (12 feet), at a range of 
about 60 metres. 
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Experimental Roundabouts 
Of the twenty junctions in the route there were five roundabouts in all; three were in 
built up areas and the remaining two were in national speed limit areas. I t was 
decided, in order to achieve similarity between roundabouts studied here and those 
described in previous experiments (Chapters 3 - 6), that only the three urban 
roundabouts would be examined. Because of the odd number of roundabouts to be 
studied and the fact that the two groups of drivers were travelling opposite ways 
around the route the direction of the turns made at the roundabouts differed for the 
two groups of subjects (Table 7.1). 
Clockwise 
Anti-Wise 
Table 7.1; Direction of Turn for 1 Irhan Roundabouts 
Roundabout One Roundabout Two Roundabout Three 
Right 
Left 
Left 
Right 
Right 
Left 
In order to separate the three roundabouts from the rest of the route data was taken for 
240 meters prior to the radar detecting the roundabout and continuing for 240 meters 
past this point. Data was examined relating to the use of the accelerator, brakes, 
clutch, gears, and steering. The accelerator, brakes, clutch and gears were recorded as 
dichotomous variables (0 = not being used, 1 = in use) whereas steering was recorded using a 
ratio scale (0 - 8 where 0 is no steering and 8 is full lock). As drivers may not always use the 
brakes to slow down (e.g. using engine braking) or may choose different gears to negotiate a 
partiCUlar junction, the speed the car was travelling at during the 480 meters examined was 
also collected. The time elapsed since the start of the drive was also recorded so that the 
interval between each use of the controls could be examined. 
When the data from the instrumented car indicated that the driver used a control the distance 
(in metres) from the roundabout and the time elapsed since the start of the drive was entered 
into a database. This process produced a list cataloguing which controls were used, where 
they were used (in terms of distance, i.e. metres away from the roundabout) and when they 
were used (time elapsed since the drive began). As the effects of the use of some controls of 
on the speed of the vehicle may have taken some time to develop the distance and time 
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elapsed were noted when changes in the speed of the vehicle were detected. These lists 
provided the data to be analysed. 
7.3.0 Results 
As the data was to be used to build a model of drivers' procedures it was looked at in 
a number of different stages. The goal was to determine whether the structure arrived 
at using the instrumented car methodology is similar in nature to that produced by the 
task analysis (e.g. driving procedures) and is affected by similar variables (e.g. 
direction of turn). If this were found to be the case, it would strengthen the argument 
that the structure of the operational level of driving conforms more to schema theory 
than it does to van der Molen and Botticher's (1988) three-level model. In addition to 
this, the data will be used to determine whether it is suitable to propose that motor 
control at the operational level of driving is closed loop in nature, as suggested by 
their model. 
During analysis of the data a "physical procedure" was defined as any detection by the 
in-car computers of the use of the accelerator, brakes, clutch, gears and steering 
wheel. Also of interest was the distance away from the roundabouts at which the 
procedures took place, the speed the car was travelling at the time and the amount of 
time elapsed between the procedures. Physical procedures that were used by all 
drivers for a given roundabout, direction of travel or direction of turn were considered 
as slots (or fixed information), whereas those procedures which did not always appear 
were considered examples of optional values (or variable information). The results 
are divided into four sections: 1) initial analysis, 2) clockwise subjects (Roundabout 
1), 3) the structure of operational control and 4) physical procedure correlations. 
7.3.1 Initial Analysis 
In order to establish the number of physical procedures (those procedures required to 
move the controls of the vehicle) a driver may carry out at a roundabout. the data 
produced by an individual driver from the clockwise group at Roundabout One was 
studied. Using the above definition of "physical procedure" the instrumented car data 
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revealed that there were 13 procedures used by the initial driver studied at roundabout 
one. The names that the physical procedures were given and the distances from the 
roundabout at which they occurred are shown below (Table 7.2). In order to 
determine whether these procedures were carried out at the other roundabouts or by 
the remainder of the drivers who took part in the study further analyses were carried 
out. The first of these was to check whether the ranking of these procedures would 
remain in the same order after analysing the whole clockwise group for the first 
roundabout. 
Table 7.2: Procedures Identified During Roundabout Negotiation 
Procedure Name Abbreviation Distance Rankinl 
Throttle Release THR -231 1 
Gear Change GC -119 2 
Apply Brakes AB -12 3 
Lowest Speed LS 20 4 
Gear Change Before Junction GCBJ 31 5 
Sharp Steer SS 43 6.5 
Apply Throttle AT 43 6.5 
Throttle Increase THRI 56 8 
Reduce Steering SD 59 9 
Increase Steering SI 66 1 
Correct Steering CS 85 11 
Gear Change After Junction GCAJ 102 12.5 
Apply Steering AS 102 12.5 
* these actions were identified at Roundabout One during a right turn 
7.3.2 Clockwise Participants at Roundabout One 
This analysis was carried out in order to test two hypotheses: 1) All sixteen 
participants carried out all thirteen physical procedures and 2) These procedures were 
carried out in the same order. It was found, with the exception of seven people not 
using the brakes on the approach, that all sixteen participants carried out the same 
thirteen procedures (Table 7.3). 
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Table 7.3: Procedure Sequence 
Procedure Name 
Throttle Release 
Apply Brakes (n=9) 
Gear Change 
Previous Ranking New Ranking Mean 
-205.29 
Gear Change Before Junction 
Lowest Speed 
Apply Throttle 
Sharp Steer 
Reduce Steering 
Throttle Increase 
Increase Steering 
Correct Steering 
Apply Steering 
Gear Change After Junction 
1 1 
3 2 
2 3 
5 4 
4 5 
6.5 6 
6.5 7 
9 8 
8 9 
10 10 
11 11 
12.5 12 
12.5 13 
-35.55 
-82.71 
-18.46 
-0.88 
5.87 
7.82 
22.46 
24.84 
30.46 
43.29 
71.61 
75.42 
The list now shows a new order and no ties in the rankings. A Cochran's Q was 
carried out which revealed a highly significant result (Q = 158.25, P < 0.001). This 
shows that the numbers of drivers performing each individual physical procedure did 
vary significantly across the procedures suggesting that there was a constant pattern in 
the procedures perfonned and omitted by each driver (i.e. drivers were performing or 
omitting the same procedures). The drivers' use of these procedures was then 
examined at each of the remaining five roundabouts (Table 7.4). 
Table 7.4: Cochran's Q Results 
Roundabout Direction of Tum Q Value d.£ Significance 
Clockwise R4 Left 72 12 P < 0.001 
Clockwise R5 Right 144.77 12 P < 0.001 
Anti-clockwise R3 Left 123.48 12 P < 0.001 
Anti-clockwise R4 Right 110.95 12 P < 0.001 
Anti-clockwise R5 Left 127.09 12 P < 0.001 
The results showed that the numbers of drivers using a particular procedure varied in a 
similar way across the 13 physical procedures analysed at each of the six roundabouts. 
Of interest were the patterns that may be responsible for this finding. These patterns 
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were considered in relation to two variables: direction of turn (left/right) and direction 
of travel ( clockwise/anti-clockwise). 
7.3.3 The Structure of Operational Control 
Data was further reviewed to establish whether there was a pattern of physical 
procedures being used by the drivers at roundabouts. The goal was to detennine 
which physical procedures all of the drivers undertook at a particular roundabout, and 
whether these procedures would be observed at more than one roundabout. If all of 
the drivers use a particular procedure for a given roundabout, this would be evidence 
of a slot within the drivers' use of controls at roundabouts. Identifying slots would be 
a first step in building a model of the structure that was being used by the drivers as a 
group at a particular roundabout or across a number of roundabouts. 
The list of procedures carried out by each subject was examined (Table 7.5) for each 
of the three roundabouts. Any procedures that were omitted by any of the subjects at 
a particular roundabout were then discarded from the analysis (and could therefore be 
considered examples of variable procedures). It was found that there were seven 
recurrent procedures ("slots") for right turns : 1) Throttle Release, 2) Lowest Speed, 3) 
Sharp Steer, 4) Reduce Steering, 5) Throttle Increase, 6) Increase Steering and 7) 
Correct Steering and five slots for left turns: 1) Throttle Release, 2) Sharp Steer, 3) 
Lowest Speed, 4) Throttle Increase and 5) Correct Steering. There are five of these 
physical procedures that were present irrespective of direction of turn, travel or 
individual differences: 1) Throttle Release, 2) Sharp Steer, 3) Lowest Speed, 4) 
Throttle Increase and 5) Correct Steering. The order in which the drivers used the 
procedures was tested at each roundabout using Page's L which returned significant 
results at all three roundabouts for both samples of subjects (Table 7.6). That is, a 
significant number of drivers were implementing the physical procedures in the same 
order at each roundabout suggesting that the same structure was being used by the 
different drivers during the negotiation of the urban roundabouts. 
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Table 7.5: Physical Procedures Carried out by all Subiects by Roundabout Number 
Clockwise Anti-clockwise 
Roundabouts Rl R2 R3 Rl R2 R3 
(Direction of Turn) R L R L R L 
Throttle Release 
Apply Brakes * * * * * * 
Gear Change * * * * * 
Gear Change Before Junction * * 
Lowest Speed 
Apply Throttle * * * 
Sharp Steer 
Reduce Steering * * 
Throttle Increase 
Increase Steering * * * 
Correct Steering 
Apply Steering * * * * * 
Gear Change After Junction * 
- = action carried out by all subjects * = action not carried out by all subjects 
Table 7.6: Page's L Analyses 
Roundabout L Value Critical Values 
Clockwise R3 878 5% = 754 
Clockwise R4 808 5% = 708 
Clockwise R5 880 1% = 767 
Anti-clockwise R3 809 1% = 721 
Anti-clockwise R4 815 1% = 721 
Anti-clockwise R5 806 1% = 721 
As all of the above analyses have consisted of either sorting the data or non-
parametric methods it was decided to use parametric methods in order to establish 
whether the five procedures common to all three roundabouts and both directions of 
travel are quantitatively dependent on one another. The mean distances from the 
roundabouts at which the procedures were carried out and their standard deviations for 
each of the actions are displayed below (Table 7.7). 
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Table 7.7: Roundabout Basic Schema Means 
Manoeuvre Roundabout Tum THR LS SS THRl CS 
1 1 R Mean 205.296 -0.88 7.82 24.84 43.29 
S.D. 67.62 22.11 18.34 18.04 18.82 
2 2 L Mean 57.24 3.34 -13.97 8.61 87.35 
S.D. 29.97 24.07 19.99 24.02 19.78 
3 3 R Mean 90.98 19.32 34.73 48.02 69.92 
S.D 68.99 20.64 19.55 18.25 18.44 
4 3 L Mean 119.12 43.44 35.25 56.4 87.05 
S.D 65.25 13.74 4.67 14.22 8.47 
5 2 R Mean 84.25 36.27 38.39 52.45 89.98 
S.D. 149.95 16.35 3.25 9.69 9.16 
6 1 L Mean 108.08 19.27 18.26 30.03 67.37 
S.D. 42.43 12.92 5.7 9.45 5.41 
All six sets of means were tested using one-way Anovas followed up by Newman-
Keuls post-hoc analyses. With the exception of anti-clockwise subjects at 
Roundabout Two (making a right turn) a significant effect (p<O.O 1) of distance was 
found. This reveals that the different procedures are carried out at distinct points on 
the approach and whilst negotiating the roundabout. The Newman Keuls analyses 
revealed that the first physical procedure (Throttle Release) appeared significantly 
earlier on the approach to the roundabouts than did the remaining four physical 
procedures. I t was also revealed that the procedures appeared in a different order for 
right and left turns at roundabouts. The order for right turns was as found previously; 
Throttle Release, Lowest Speed, Sharp Steer, Throttle Increase and Correct Steering; 
whereas the order for left turns was found to be; Throttle Release, Sharp Steer, Lowest 
Speed, Throttle Increase, and Correct Steering. It is possible that this change in order 
may be the result of negotiating a smaller radius in order to go around the junction 
when making a right turn. When turning right it may be necessary to make a 
significantly larger reduction in speed before making the initial steering movement 
whereas left turns have larger radii allowing drivers to start steering movements 
earlier on the approach to the junction. 
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The analyses thus far have identified a structure within the use of controls at urban 
roundabouts. There are 13 procedures that the drivers use, five of which are present 
irrespective of direction of turn. It was found that the right turns had more recurrent 
procedures than did left turns and the order of the procedures was also dependent on 
direction of turn. The next section investigates how these physical procedures may be 
controlled by examining whether the timing of a particular procedure is related to the 
timing of any of the subsequent procedures. 
7.3.4 Physical Procedures Correlations 
Correlations were carried out to determine whether a particular procedure could 
predict where, or when, a later one may take place. This would help determine 
whether closed loop processing is evident in the use of controls by the drivers. 
Correlations based on Distance 
Correlation matrices were examined for each of the six roundabouts (Table 7.8) to 
determine, in addition to the sequence, the nature of the relationship, in terms of the 
distance from the roundabout, between physical procedures. It is shown below that 
there are several significant correlations and some evidence of right/left turn 
differences (Table 7.8). These results suggest that when procedures are carried out 
they often predict, in terms of distance, where another procedure will take place. 
Table 7.8: Significant Correlations 
Subject Group Roundabout One Roundabout Two Roundabout Three 
Clockwise All except Throttle Release All Variables All Expect Throttle Release 
Anti-clockwise Sharp Steer with Correct Steering None Found Ji Illm! Steer with Correct Steering 
Direction of Turn: Clockwise= RightiLeftlRight Anti-clockwise = LeftlRightiLeft 
When examining the pattern of the significant correlations (Table 7.8) it is interesting 
to note that procedures may not correlate with the next procedure in the sequence (see 
previous page 1 st paragraph) but with a procedure occurring later in that sequence. 
Roundabouts One and Three for the anti-clockwise sample show that Sharp Steer 
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correlates with Correct Steering, missing out Lowest Speed and Throttle Increase. To 
further investigate the correlation between non-juxtapositioned procedures the 
correlation matrix for the clockwise subjects at Roundabout One was examined 
further. This roundabout was chosen because, at twelve, it had the highest number of 
procedures carried out by all the drivers available for analysis (Table 7.9). 
An examination of the correlation matrix for Roundabout One revealed that there are 
23 significant correlations out of a possible 66. It also showed, as with the five fixed 
procedures common to all roundabouts that a particular procedure may not correlate 
with the next action in the sequence but with a later one. An exception to this was that 
Throttle Release did not correlate with any other procedures. If a closed loop process 
were taking place then one would expect only adjacent procedures to correlate. The 
forward loop for later sequences could not be instigated at the time of an earlier non-
juxtapositioned procedure, as the information that would need to be provided by the 
feedback loop from the immediately previous physical procedure would not yet be 
available. This was the first indication that operational driving may not be under 
closed loop control, contrary to van der Molen and Botticher's (1988) modeL 
The patterns outlined below (Table 7.9) illustrate how the relationships between the 
procedures within the same sequence vary significantly (suggesting that the same 
process may not control them). In an attempt to identify more relationships between 
the variables two further correlation matrices were examined. 
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Table 7.9: Significant Correlations for Roundabout One (Clockwise Sample) 
Action 
Throttle Release 
Gear Change 
Gear Change Before Junction 
Lowest Speed 
Sharp Steer 
Apply Throttle 
Reduce Steering 
Steering Increase 
Throttle Increase 
Correct Steering 
Gear Change After Junction 
Correlation Pattern 
Does not correlate with any other variables 
Only correlates with Gear Change Before Junction 
With Lowest Speed, Sharp Steer, Apply Throttle, 
Steering Increase, Throttle Increase, Correct Steering and 
Apply Steering 
With all following procedures 
With all following procedures actions except Gear Change 
Before Junction 
With all following procedures 
With all following procedures 
With all following procedures 
With Correct Steering and Apply Steering but not 
Gear Change After Junction 
With both remaining procedures 
With AT 
Correlations based on Speed and Time 
A Pearson Correlation matrix was generated in which the speed at which the vehicle 
was travelling when the procedures were detected was used to detennine how the 
physical procedures were related. The elapsed time since the start of the drive was 
used as the basis for a further correlation matrix. In order to detennine which measure 
(distance, speed or time) may be most effective for investigating how the operational 
level of driving may be controlled the numbers of significant correlations were 
examined and totalled for each of the three measures. It was found that correlations 
based on time produced the greatest number of significant correlations (Figure 7.3). 
Of concern was the fact that these correlations were based on all the subjects in the 
sample and therefore did not account for the fact that some of the subjects may have 
come to a complete stop at a roundabout whilst the rest of the sample did not. 
Therefore those subjects not exhibiting the majority behaviour for a particular 
roundabout and direction of travel were removed and the data reanalysed. 
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Figure 7.3: Significant Correlation Totals by Distance. Speed and Time 
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The numbers of significant correlations based on distance, speed and time were once 
again examined. The finding that correlations based on time produced the greatest 
number of significant correlations was repeated (Figure 7.3). The implication is that 
for the majority of physical procedures time is used for determining where (in terms of 
distance from the roundabout) during the manoeuvre the next physical procedure 
should be carried out. As nearly all of the procedures were linked when correlations 
based on time were examined (Table 7.10) closed loop processing could indeed be 
taking place but only if the links were sequential in nature. 
Table 7.10: Significant Correlations Based on Elapsed Time between Procedures 
Subject Group Roundabout One Roundabout Two Roundabout Three 
Clockwise All except Lowest Speed All Variables Correlate All Expect Correct Steering 
Anti-clockwise All Variables Correlate All Variables Correlate All Variables Correlate 
Direction of Turn: Clockwise= RightlLeft/Right Anti-clockwise = LeftJRightILeft 
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With a closed loop process a particular procedure, such as throttle release, would need 
its feedback loop to supply information so that a comparison can be made between the 
input and the output. Once it has determined that the physical procedure has been 
performed satisfactorily the process could then start the forward loop for the next 
physical procedure in the sequence. It is unlikely that a closed loop system could start 
forward loops for all four subsequent procedures, as the feedback needed to perform 
the loops would not be available. Although there were not as many correlations, the 
right turns also exhibited the first procedure correlating with several subsequent 
procedures (Table 7.10). As a result of these findings it is not possible to conclude 
that the recurrent physical procedures are being controlled in the manner that would 
be expected if the manoeuvre was under closed loop controL 
7.3.5 Summary of Results 
The instrumented car data revealed that there were 13 physical procedures being used 
by the drivers when negotiating the three roundabouts studied. Of these, five were 
found to be in use irrespective of direction of travel or direction of turn suggesting the 
presence of slots. The direction of turn was found to affect both the number of 
procedures used and the order in which they appeared supporting findings in earlier 
chapters that the direction of turn affects the structure that drivers use. The concept of 
physical procedures used when building the model of operational control above has 
implied that there may be three levels within operational driving: 1) Phase of 
Manoeuvre, 2) Driving Procedures and 3) Physical Procedures. Finally, the 
correlation analyses have shown that control may not be closed loop in nature. 
7.4.0 Discussion 
The results have shown two characteristics about operational behaviour whilst 
negotiating urban roundabouts: 1) the presence of thirteen physical procedures used to 
negotiate roundabouts and 2) an early procedure can correlate (or be able to predict 
where a subsequent procedure will be used) with several subsequent procedures in the 
sequence. The implications of the findings reported above are discussed in relation to 
van der Molen and Botticher's (1988) three level model and schema theory to 
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determine which theory may be able to offer a better account of the results obtained 
here. 
7.4.1 The Use of Driving Controls and the Three-level Model 
The task analysis (Chapter 2) generated a structure of operational control that had 
three levels: general driving, phases of manoeuvre and driving procedures. The 
findings from the instrumented car data have shown that there are thirteen physical 
procedures, suggesting that there may be a fourth level (Table 7.11). At the top level 
of the structure, general driving, decisions are made relating to the vehicle, driving 
style and route to be used. When undertaking a manoeuvre the next level of the 
structure, phase of manoeuvre, determines which driving procedures will be required 
(e.g. signal on approach, reduce speed). How the driving procedures will be 
implemented then determines which physical procedures will be required and how 
they will be used. For example a driver approaching a roundabout using the 
observation on approach driving procedure decides that, due to a vehicle being on the 
roundabout, they should slow down and therefore implements the reduce speed 
driving procedure. When assessing how much they will need to slow down they 
decide it would be best to stop at the give-way lines at the entrance to the roundabout 
therefore implementing the physical procedures required to operate the brake and 
clutch pedals. This model of the structure of operational control is contrary to van der 
Molen and Botticher's (1988) model as it proposes four levels, and also includes, as 
shown in the verbal protocol studies (Chapters 3 and 4), higher levels of processing. 
The differences in the nature of processing from their model are discussed next. 
The model proposed by van der Molen and Botticher (1988) proposed that once 
operational behaviour was initiated it proceeded in a closed-loop fashion, unless an 
emergency situation occurred. When the correlations between the physical procedures 
were examined it was discovered that a particular physical procedure correlated with 
several subsequent physical procedures. As closed loop control is largely dependent 
on task-intrinsic feedback (Groeger, 1999) one would expect adjacent procedures only 
to correlate. Possible alternative explanations for the results reported above could be 
that a feedforward loop may be in operation or several processes are in simultaneous 
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operation whist a manoeuvre is being undertaken (e.g. driving procedures for braking, 
driving procedures for gear changing, driving procedures for steering, etc). Whether 
schema theory can account for the present findings is discussed next. 
7.4.2 The Use of Driving Controls and Schema Theory 
The use of an instrumented car has produced evidence of five physical procedures that 
display the schematic characteristics that would be expected of slots (i.e. they appear 
for each driver at all the roundabouts). This is a more robust finding than the evidence 
presented in Chapter 4 relating to recurrent verbalisations as the data have been 
collected at a group rather than individual level with a more thorough investigative 
technique (an instrumented car as opposed to verbal protocols). The existence of a 
direction of turn variable within the structure of operational control was once again 
shown to be plausible. These findings are consistent with schema theory that proposes 
the existence of slots and variables (Morton and Bekerian, 1986; Groeger, 1997). 
Although there are five slots, which are common to all the roundabouts, when the 
order in which these procedures are performed was studied right/left turn differences 
emerged. The diagram below (Figure 7.4) shows clearly that right turns have more 
slots than left turns but there are five common slots (Throttle Release, Lowest Speed, 
Throttle Increase and Correct Steering). These occur in a different order in the 
sequences for each direction of turn. The first three physical procedures for the left 
and right turns are the same (Throttle Release, Apply Brakes and Gear Change Before 
Junction). A slot appears as the fourth procedure for both directions of turn but they 
are different (Sharp Steer for left turns; Lowest Speed for right turns). It may be at 
this stage, as a particular slot is being required by the information being processed, 
that the schema for the appropriate direction of turn is instantiated, switching off the 
approaching schemas for the other directions of turn. As argued by schema theory 
(Morton and Bekerian, 1986), those schemas embedded within the phases of the 
manoeuvre schema (driving procedure schemas and physical procedure schemas) are 
not switched off. This enables the complete manoeuvre to be controlled by the 
schematic structure. The explanation that schematic structure could offer for the 
manner in which the physical procedures may be controlled is discussed next. 
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Figure 7.4: Slots and Optional Values by Direction of Tum 
Slots represented in rectangles; Optional Values represented in circles 
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The data reported above has indicated that the use of drivers' controls may not be 
under closed loop control as early physical procedures correlate with several 
subsequent procedures and adjacent physical procedures do not necessarily correlate. 
Also the timing of a particular procedure does not necessarily predict the timing of a 
procedure of a similar type that would be expected if unconscious (closed loop) 
behaviour was occurring. Throttle Increase, for example, a procedure relating to the 
speed of the vehicle, correlates with Correct Steering and Apply Steering but not Gear 
Change After Junction. As the pattern of correlations of the timing of physical 
procedures (in terms of distance from the junction) varied within the same roundabout 
and varied between roundabouts it is possible that the physical procedures were not 
being controlled by a single process. 
The possibility that the different procedures are being controlled separately is 
strengthened when the order and nature of the physical procedures are compared 
between left turns and right turns. The differences found after analysing the data are 
displayed above (Figure 7.4). These findings show that drivers process a series of 
sequences, which sometimes are being implemented together when undertaking a 
manoeuvre (e.g. use of accelerator and clutch to move off whilst steering to acquire 
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the appropriate position in the roundabout). A schematic structure, such as that 
presented by Norman's Activation Trigger Schema system (1981), presents a possible 
explanation of how the control process may be organised (see Chapter 5, pg 98 for 
details of Norman's theory). The following paragraph further discusses the structure 
that has been proposed by the task analysis presented in Chapter 2 (pg 30), and has 
been supported (Chapters 3 to 6) and developed further here by examining the use of 
controls, and is consistent with Norman's (1981) theory. 
Structure of Schemas at Roundabouts 
The findings presented above suggest that the physical procedures identified by the 
use of an instrumented car to collect data may represent the lowest level of a hierarchy 
of driving schemas that control the operational elements of driving (Table 7.11). At 
the highest level of operational control is general driving (e.g. route planning). The 
phases of manoeuvre level follows this with the appropriate approaching schema 
being instantiated when a particular junction or hazard is detected. Variables such as 
the direction of turn the driver wishes to take will affect which driving procedures a 
driver selects; this being next level of operational control. Finally, at the physical 
procedures level, drivers carry out the sequences required with the controls of the 
vehicle to obtain their goal (e.g. change lanes in the roundabout). The driving 
procedures and physical procedures selected and the ways that they are used will be 
affected by factors extrinsic to the control of their vehicle such as the prevailing traffic 
or weather conditions. Therefore the data collected at the physical procedure level is 
dependent on choices made by the drivers in the higher levels of the hierarchy of 
operational control. 
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Table 7.11: Driving Schernas Hierarchy 
Level Schernas 
Top General Driving (e.g. Route Planning) 
Phase of Manoeuvre (e.g. Leaving) 
Driving Procedures (e.g. check mirrors) 
Bottom Physical Procedures (e.g. operate brake) 
7.4.3 Summary 
In conclusion, the results reported above have provided considerable empirical 
evidence derived from instrumented car data that reveal that drivers carry out 13 
physical procedures whilst negotiating roundabouts. Of these, five are present 
irrespective of direction of tum or travel. This is a strong indication of slots within 
driving as the data have been collected in an exhaustive manner and the results are at a 
group rather than an individual level. When examining the order of the procedures 
carried out it is evident that the order in which drivers carry out these physical 
procedures is dictated by the direction of tum, suggesting that the direction of turn 
may represent a variable in the operational structure. A direction of tum effect as also 
noted during the two protocol (Chapters 3 and 4) and the two error studies (Chapters 5 
and 6) presented earlier in this thesis. It was found that the direction of tum affected 
which driving procedures were mentioned by the expert drivers when producing their 
concurrent verbal protocols. Both error studies found that the direction of tum effect 
could be identified by examining the numbers of drivers who committed errors during 
three driving procedures that loaded onto the same component that was identified by 
the Principal Components Analyses (Chapters 5 & 6). 
Contrary to van der Molen and Botticher's (1988) model of cognitive control in 
driving, the nature of the processing has not found to be closed loop in nature. The 
nature of the correlations between the physical procedures has indicated that it is 
likely that they are being controlled by more than one process. It has been proposed 
that a schematic structure, such as that proposed by Norman (1981) which uses the 
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concept of an ensemble of child schemas, is more suitable for describing a task in 
which several processes (e.g. more than one physical procedure being used at once) 
may be in progress at a particular point during a manoeuvre. 
It has been argued that the physical procedures that drivers use may represent the 
lowest level in a hierarchy of schemas (Table 7.11). This hierarchy would consist of 
General Driving Schemas (eg. route planning) at the top level followed by Phase of 
Manoeuvre Schemas (approaching, negotiating and leaving), Driving Procedure 
Schemas (e.g. check mirrors) and then Physical Procedures Schemas (e.g. use of 
brakes). 
The finding that there is a fourth level (physical procedures) within operational control 
and it is unlikely to be under closed loop control, along with factors identified in 
earlier experiments in this thesis, suggests that the structure proposed by van der 
Molen and Botticher (1988) does not accurately reflect the driving task. 
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8.1.0 Introduction 
This thesis has examined the structure of the operational level of driving as applied to 
the negotiation of urban roundabouts, using three different methodologies: verbal 
protocols, error data and an instrumented car. The resulting proposed structure was 
then compared with the proposals put forward by van der Molen and Botticher (1988) 
(a three level hierarchy of driving control) and then with schema theory, to determine 
which approach gave a better account of the structure observed. There were three 
stages to the development of the structure displayed below (Figure 8.1): 1) a task 
analysis (Chapter 2, pg 30) was carried out on the task of negotiating roundabouts, 2) 
the twenty-two procedures produced by this task analysis were analysed using verbal 
protocols (Chapters 3 and 4) and learner drivers' errors (Chapters 5 and 6) and 3) 
because of the earlier empirical chapters' showing that the task analysis could not 
account for the use of controls adequately, an instrumented car was used, which 
identified 13 physical procedures, to determine the exact nature of drivers' use of 
controls whilst negotiating roundabouts (Chapter 7). The example illustrated on the 
following page depicts a left-hand turn. 
The discussion is divided into three sections: 1) a comparison of the structure 
suggested by the experimental data and van der Molen and Botticher's (1988) three-
level model of cognitive control, 2) an examination of whether the structure is 
schematic in nature and 3) an application of the proposed structure to another driving 
manoeuvre, (overtaking). The findings in relation to van der Molen and Botticher's 
(1988) model are discussed first. 
8.2.0 Three-level Hierarchical Model of Cognitive Control in Driving 
van der Molen and Botticher's (1988) three level hierarchical model of cognitive 
control in driving is compared with the proposed four-level structure displayed below 
(Figure 8.1) in relation to three issues: 1) the number of levels that may be present 
within operational driving, 2) the nature of the information (strategic, tactical and 
operational) being processed whilst a driver is undertaking a manoeuvre and 3) the 
manner in which the actions may be carried out (closed or open loop processing). 
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8.2.1 The Number of Levels Operating during Operational Control 
The hierarchical task analysis carried out in Chapter 2 (pg. 30) indicated that, at the 
operational level of control, there are three levels: general driving, phase of 
manoeuvre and driving procedures. General driving relates to decisions made about a 
journey before it begins (eg. route planning, vehicle used etc.) and was not empirically 
examined. There were three phases to the manoeuvre: approaching, negotiating and 
leaving. The approaching phase had 9 driving procedures, the negotiating phase had 8 
procedures and the leaving phase had 5 procedures. The support for this notion of 
three phases found within the data analysed is briefly summarised next. 
The protocol data (from Chapters 3& 4) have shown that both the number of 
comments made and the driving procedures that are mentioned during drivers' 
verbalisations can be affected by the manoeuvre being described. The presence of 
three phases of manoeuvre (i.e. the three superordinates that were generated by the 
task analysis) was also supported by the data as the number of comments made was 
found to be affected by whether drivers were approaching, negotiating or leaving the 
roundabouts (Chapter 4, pg 90). The numbers of errors that were made by the learner 
drivers were also found to be affected by the three different phases with the most 
being committed on the approach, less whilst negotiating and the least whilst leaving 
the roundabouts. When using the structure to investigate whether the learners were 
displaying a direction of turn effect (Chapters 5 and 6) it was found that the numbers 
of learners who made errors during three of the negotiating phase procedures (position 
taken up, mirrors and signal to leave) varied as a result of turning right or following 
the road ahead. These results showed that the numbers of errors made were both 
quantitatively and qualitatively different across the three phases. 
When it was found that the three-level model put forward by the task analysis did not 
account for control errors adequately (Chapters 5 and 6) a third methodology 
(instrumented car data) was used to investigate the use of drivers' controls. This 
study showed that there were 13 physical procedures that the drivers used with the 
controls of the car when negotiating roundabouts, suggesting a fourth layer within the 
operational level of car control. The model put forward by van der Molen and 
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Botticher (1988), which describes a single level of unconscious operational behaviour 
control, has been questioned by the results from the above data which propose that, 
during a manoeuvre, there are at least three levels; the phase of manoeuvre level. the 
driving procedures level and the physical procedures level suggesting that drivers use 
information from all three of van der Molen and Botticher's (1988) model during 
operational driving. The data also showed that the direction of turn being undertaken 
at the time affected all three measurements of behaviour: the protocols produced by 
the drivers, the errors made by the learners and the number and order of physical 
procedures used when operating the controls. The type of information being used by 
the drivers when driving through roundabouts is discussed next. 
8.2.2 The Type of Information being used by Drivers at the Operational Level 
The model of cognitive control in driving proposed by van der Molen and Botticher 
(1988) had two levels above their operational level: strategic and tactical. The 
strategic level involves general trip planning, including setting trip goals (e.g. 
minimize time, avoid traffic), selecting routes, and evaluating the costs and risks 
associated with alternative trips. The tactical level involves negotiation of common 
driving situations such as curves and intersections, gap acceptance in overtaking or 
entering traffic streams, and obstacle avoidance. The results from the task analysis 
suggested that, contrary to their model (van der Molen and Botticher, 1988), 
information from the two higher levels of the three-level hierarchy would be in use 
during the operational level of control. Both the protocol studies (Chapter 3 and 4) 
and the error studies have supported this implication. 
It was found that drivers were mentioning procedures that covered all three levels of 
van der Molen and Botticher's (1988) hierarchy whilst negotiating roundabouts. The 
following is an example of a verbatim transcript whilst following the road ahead at a 
roundabout that was collected from an expert driver during his first commentary drive. 
It clearly shows how the drivers switched back and forth between the different levels 
of van der Molen and Botticher's (1988) three-level hierarchy (shown in italics) whilst 
generating their concurrent verbal protocols: 
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Roundabout's looking fairly clear for us (Tactical) 
As we come up checking the mirrors (Tactical) 
Quite a few cars coming up behind us now (Operational) 
Third car behind us is quite close to the car immediately behind us so I'm 
going to control the situation and ease off a little bit (Operational and 
Strategic) 
Into second gear (Operational) 
The roundabout's quite clear for us (Tactical) 
White car there, he's well back (Operational) 
Red car there, he's well back (Operational) 
Just checking the exit there from the A3. That's clear (Tactical) 
Mirrors (Tactical) 
Signalling down (Operational) 
Checking the inside mirror, making sure nobody's coming up the inside 
(Tactical and Strategic). 
This shows how the driver was switching between the different driving procedures 
generated by the task analysis (e.g. advance information, mirrors on approach, speed 
on approach, decision to enter junction, etc) and how he was using all three types of 
information (strategic, tactical and operational) in order to help him undertake the 
manoeuvre. It also shows that drivers mentioned physical procedures during their 
protocols (e.g. ease off a bit, into second gear) that may have escaped coding due to 
the twenty-procedures not accounting for the use of controls adequately. The error 
data also showed how information from all three levels of van der Molen and 
Botticher's (1988) hierarchy could be in use during a particular manoeuvre. 
The errors made by the learner drivers were analysed using Principal Component 
Analyses in order to determine which driving procedures may be grouped together. 
The components provided by the Principal Components Analyses often had 
procedures that related to different levels (Strategic, Tactical and Operational) of van 
der Molen and Botticher's (1988) hierarchy loading on them supporting the 
suggestion that different types of information were being processed during the 
operational level. For example, the fourth component had the following three 
procedures loading onto it: position taken up (Strategic, Tactical and Operational), 
Mirrors (Tactical) and Signal to leave (Tactical and Operational). This result shows 
how, during the negotiation of a manoeuvre, information relating to all three levels of 
van der Molen and Botticher's (1988) model is being processed. Apart from the type 
of information being processed, their model does not state whether it would be in a 
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serial or parallel fashion and how switching between the different levels may occur. 
The only contribution that is made to the type of processing that occurs between the 
levels was as follows (van der Molen and Botticher, 1988, pg 545): "Some processes 
require controlled sequential processing, but many of the processes at and between 
levels are carried out in the highly parallel and automatic mode." The next section 
considers how the physical procedures level of the present structure may be controlled 
to determine whether it is congruent with van der Molen and Botticher's (1988) 
assertion that it would be under closed loop control. 
8.2.3 The Control of Operational Behaviour 
The model proposed by van der Molen and Botticher (1988) viewed normal 
operational behaviour as closed loop in nature. The nature of the relationships 
between the five recurrent physical procedures found for all three roundabouts 
examined in chapter 7, which included both right and left directions of turn, was 
examined by investigating correlation matrices. It was found that an early physical 
procedure correlated with several subsequent physical procedures. If closed loop 
processing were taking place then the expected correlation pattern would have been 
for a particular procedure to correlate with adjacent procedures only. Closed loop 
processing is dependent on being able to act on information provided by the feedback 
loop relating to the difference between the input and output (Flach, 1999). In order 
for this to take place a particular procedure would need to be near to completion 
before the forward loop could be started for the subsequent procedure. As the 
feedback for the distant subsequent procedure would not be available earlier in the 
sequence it would not be possible to start a forward loop for a physical procedure two 
or three steps later in the sequence. Therefore this finding has indicated that it is 
unlikely that operational control in driving is under closed loop control. 
The three incongruent findings with van der Molen and Botticher's (1988) model of 
the operational level of control (the number of levels, the type of information being 
processed and the type of control that is in use) have been outlined and briefly 
discussed. Whether schema theory may offer a better account of the nature of the data 
revealed in the empirical chapters (3 to 7) is discussed below. 
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8.3.0 A Schematic Account of Operational Control in Driving 
Throughout this thesis van der Molen and Botticher's (1988) three-level hierarchy and 
schema theory have been compared to the present empirical findings to determine 
which theory offers a better account of the results obtained. The above section has 
shown there were three findings that were inconsistent with van der Molen and 
Botticher's (1988) model: 1) the number of levels, 2) the type of information being 
processed and the 3) type of control that is in use. The extent to which schema theory 
matches the view of operational driving that has evolved through the empirical 
investigations presented earlier (Chapters 3 to 7) is considered below in relation to 
two issues: 1) the presence of schematic characteristics and 2) whether the present 
structure (phases of manoeuvre, driving procedures and physical procedures) is 
schematic in nature. 
8.3.1 Schematic Characteristics at Roundabouts 
Three schematic characteristics were tested for during the analyses: 1) slots (or 
recurrent information), 2) common structure and 3) the presence of variables. The 
first verbal protocol experiment looked for evidence of the presence of slots in driving 
behaviour (Chapter 3). In order for a driving procedure to be considered as a slot it 
must be verbalised by all 45 drivers at a particular roundabout. It was found that there 
was no procedure that met the criteria required in order to be considered as a slot. As 
a result of the differential manner in which drivers may have produced their protocols 
it was possible that analysing the data at a group level was not suitable for this 
methodology (using concurrent verbal protocols). The second protocol study (Chapter 
4) tested for recurrent driving procedures across four separate drives at an individual 
level. 
The criteria used for recurrent procedures during the second protocol study were the 
procedures that a driver mentioned at a particular roundabout across all four drives. It 
was found that the drivers did mention the same procedures across the four drives 
suggesting the use of recurrent information when the drivers were generating their 
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verbal protocols. The third methodology used to collect data, the use of an 
instrumented car, was successful in identifying slots at a group level at roundabouts. 
The results from the instrumented car data showed that there were thirteen physical 
procedures being used by the drivers to operate the controls whilst negotiating 
roundabouts. Of these, five were present at all three roundabouts for both groups of 
drivers. It was found that they appeared in the same order at a particular roundabout 
and they were quantitatively (in terms of the distance from the roundabout when they 
were initiated) independent of one another. Two studies, which have used different 
methodologies, have supported the presence of slots within operational driving. The 
evidence supporting the notion of common structure is considered next. 
Rumelhart and Nonnan (1981) argue that a number of schemata, all spawned in 
different ways from the same schema, will share a good deal of common structure and 
it is possible to compare pairs of them to find the pattern of modifications required to 
get from one to the other. The patterns of driving procedures verbalised at the 
roundabouts may be indicative of common structure as it was found that they 
correlated significantly both within and between the two groups (experts and 
experienced drivers) across the five roundabouts studied. The use of drivers' controls 
was also found to indicate the presence of common structure at roundabouts. It was 
found that the numbers of drivers who used or omitted particular physical procedures 
was similar for the 13 physical procedures studied for all six roundabouts. This 
suggested a pattern existed, showing the presence of a common structure in the 
drivers' use of the car controls. 
Specific evidence for the presence of two of the variables that could affect use of the 
structure of operational control in driving was found: the manoeuvre being undertaken 
and the direction of turn selected at the time. Three findings supported the theory that 
the manoeuvre being undertaken was a variable relevant to operational control: 1) the 
numbers of verbalisations made by the drivers varied across the five roundabouts 
studied (there were significant differences in the number of comments made even for 
different roundabouts with the same direction ofturo, Chapter 3 pg 66), 2) that the 
complexity of roundabout can affect the numbers of errors committed by learner 
drivers (Chapters 5 & 6 and 3), and 3) the presence of common structure in the use of 
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car controls and the procedures verbalised (Chapters 7 & 3). The direction of turn 
variable affected the results collected using all three methodologies: 1) the driving 
procedures that were mentioned by the experts were dependent on the direction of turn 
(Chapter 3), a direction of turn effect was evident when examining the numbers of 
learners who committed errors during the negotiating phase (Chapters 5 & 6) and 3) 
and the number of physical procedure slots (7 for right turns, 5 for left turns) and the 
order in which they were used was dependent on the direction of turn (Chapter 7). 
The above paragraphs have shown how the results have supported the existence of 
slots, common structure and variables within the operational level of driving. That 
evidence of these characteristics was readily obtainable is the first indication that 
schema theory may offer a better account of the present results than van der Molen 
and Botticher's (1988) three-level model. The similarity of the operational structure 
generated by the task analysis and the instrumented car data to schematic structure is 
discussed below. 
8.3.2 The Structure of Operational Driving at Roundabouts 
The theory of human action outlined by Norman (1981) has proposed that a parent 
schema and numerous child schemas represent an action sequence. The path from 
intention to action consists of the activation of the parent schema that corresponds to 
the intention, the activation of child schemas for the component parts of the action 
sequence, and then the appropriate triggering of schemas when conditions match those 
required for their operations (Norman, 1981). The structure of operational driving 
suggested by the present results is in accordance with his theory and may work as 
follows. The schemas at the general driving level would contain information 
pertaining to the route. Once a roundabout is observed, or sufficient visual clues 
suggest the presence of a roundabout (e.g sign posts, traffic movement), a child 
schema (approach roundabout) would be triggered. This would then be a parent 
schema to the subsequent child schemas that would control the actions required to 
complete the driving procedures and physical procedures competently. The similarity 
of the present structure to Norman's (1981) ATS theory is illustrated below (Figure 
8.2). 
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Figure 8.2: ATS Theory and Operational Driving at Roundabouts 
General Driving (e.g. drive to University of Surrey) 
The proposal that the twenty-two driving procedures and the thirteen physical 
procedures could each be thought of as action schemas gives the appearance that the 
driving task must consist of a very large number of schemas. However, this number 
may not be as high as the first impression gives. Many of the procedures that have 
been proposed by the task analysis for roundabouts would also be useful in other 
driving situations. For example the four procedures required to carry out a safe lane 
change during the negotiating phase (Need for Lane Change, Mirrors and Blindspots, 
Decide whether its safe to Change Lanes, and Execute Lane Change) could also be 
used to change lanes in many driving scenarios including; changing position to pass a 
stationary obstruction, moving to the centre lane on a motorway having observed a 
vehicle accelerating down a slip road or when turning right in a one-way street. If a 
driver has a sufficient repertoire of procedures the correct ones required for a 
particular situation would be triggered by the appropriate environmental conditions 
creating what Norman (1981, pg 5) refers to as an ensemble of child schemas or what 
Schank (1981) referred to as memory organisation packets (MOPS). At both a 
theoretical level (the nature of the procedures and their structure) and an empirical 
level (the driving procedures that are verbalised, the nature in which learner drivers 
commit errors and the use of controls at urban roundabouts) it has been shown that a 
high degree of similarity exists between the view of the operational level of driving 
being developed in this thesis and Norman's (1981) ATS theory. and therefore to 
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schema theory in general. The degree to which the present findings may represent the 
first step in generating a comprehensive model of operational driving is discussed 
below. 
8.4.0 The Structure of Operational Control in Driving 
Three of the levels of the operational control of driver behaviour have been analysed 
(phase of manoeuvre, driving procedure and physical procedure) and two variables 
(manoeuvre and direction of turn) have been found to be present within the 
operational level of driving (Table 8.1). The task analysis carried out (Chapter 2, pg 
21) suggested that variables at fourth, higher level, the general level of driving (e.g. 
vehicle chosen or driving style to be used) affect the manner in which the driving 
procedures and physical procedures will be carried out. The general driving level is 
used below (Figure 8.3) to help illustrate how the model may operate. This four level 
model will be outlined and its ability to cover a different driving scenario will be 
considered. 
Table 8.1: Ogerational Control Hierarchy 
TJ General Driving (e.g. Route Planning) Phase of Manoeuvre (e.g. Leaving) 
Driving Procedures (e.g. Lane Selection) 
Bottom Physical Procedures (e.g. Press Brake) 
Variables = Vehicle, Driving Style, Route, Manoeuvre, Direction of Turn 
When considering the levels in the hierarchy above (Table 8.1) it can be argued that 
they go from a general nature (top level of hierarchy) and become progressively more 
specific (with Driving Procedures being the most specific) and returning to a general 
nature at the bottom level (Physical Procedures). The top level of information may 
consist ofmles regarding driving, such as "keep to the left except when overtaking", 
or the route plan a driver would have for a particular drive. Possible variables at this 
level of the hierarchy are the vehicle, driving style and route as these are selected 
before the journey begins. In relation to the route variable, this may be altered as a 
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result of encountering events whilst undertaking the journey (e.g. road works, the 
scene of an accident or traffic congestion). 
When the driver undertakes a manoeuvre the information required becomes more 
specific (e.g. give-way to vehicles approaching from the right at roundabouts) and is 
situation specific. If the driving scenario encountered were a type of junction the 
direction of turn variable would place certain constraints on the driver's behaviour 
(e.g. different positions on the approach for left and right turns). The next stage of 
processing would be the phase of manoeuvre to ensure the correct procedures are used 
for the stage of the manoeuvre the driver is currently undertaking. 
The driving procedures that are selected represent the most specific type of behaviour 
(e.g. position in the left-hand lane, no signal required, slow down, check for traffic 
when approaching a roundabout with the intention to follow the road ahead). To 
actually manoeuvre the car (physical procedures) behaviour reverts back to being 
more general in nature and consists of basic routines (e.g. press brake to slow down, 
co-ordinate gas, clutch and hand brake when carrying out a hill-start, press accelerator 
to adjust speed) that are used constantly when driving a vehicle. Outlined in the 
illustration below (Figure 8.3) is an application of the current model to an overtaking 
manoeuvre. 
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8.4.1 An Application of the Model of Operational Control to Overtaking 
Figure 8.3: An Application of the Model of Operational Control to Overtaking 
General Driving Vehicle: Porsche 911 
Driving Style: Progressive, within speed limits 
Route: AS Cannock to Telford (single-carriageway) 
Phase of Manoeuvre Driving Procedures and Physical Procedures 
Approach 
Negotiate 
Leave 
o 
o 
Advance Information: note slower moving car 
Position: adopt overtaking position 
Speed: if gap is not immediately available, match 
speed to slower car 
Gear: select most responsive gear 
Observation: check for view, other vehicles 
Mirrors: make sure no one is about to overtake own car 
Decision: is it safe, legal and necessary? 
Position: move out to right-hand side of road 
Check Road Ahead: with improved view, reassess safety 
Throttle Increase: if safe, accelerate to pass vehicle 
Mirrors: is the slower vehicle far enough behind? 
Steer vehicle: return to left-hand carriageway 
Decide speed: check road ahead and consider safe 
cruising speed. 
Speed: Adopt the appropriate speed and gear. 
t 
Leave 
Negotiate 
u 
Approach 
" 
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The view of driving that has been suggested by the results of the task analysis and the 
empirical studies portrays the driver as an operator who encounters a series of 
situations when carrying out the task of driving to a destination (e.g. dealing with a 
roundabout then a t-junction before accelerating down a slip-road to join a motorway). 
The driver uses the appropriate driving procedures and physical procedures to carry 
out the required manoeuvre (e.g. negotiate a roundabout, carry out an overtake) before 
considering the next current situation that needs to be dealt with. The following 
paragraphs consider the different levels of the hierarchy of operational control offered 
above in relation to overtaking manoeuvre displayed above (Figure 8.3). 
At the general driving level in the hierarchy (Table 8.1) the style of driving adopted by 
the driver (e.g. police driver answering an emergency call), the type of vehicle being 
driven (i.e. different tactics required when manoeuvring a large lorry instead of a car) 
and the route chosen (e.g. which motorway to use to travel from Birmingham to 
London) will all affect the way in which the procedures required to undertake a 
particular manoeuvre are carried out and could even affect whether a particular 
manoeuvre will be attempted. For example, the vehicle chosen above is a Porsche 
sports car and the driver is therefore far more likely to take advantage of overtaking 
opportunities than a low powered saloon car (e.g. Rover 100). This enables the 
selection of a progressive driving style as a smaller gap will be required to complete a 
safe overtake due to the higher power to weight ratio such a car would have. 
The driving procedures required for the manoeuvre are affected by the road type 
(encountered as a result of the route chosen at the general driving level), for example 
more forward observations required on a single carriageway where a primary 
consideration is opposing traffic than when overtaking on a motorway where the 
dangers are more likely to be alongside and behind the driver's car. In relation to the 
manoeuvre variable, that is an overtake being undertaken rather than a roundabout 
being negotiated, the order of the procedures and those that are required are different 
(e.g. fewer physical procedures used during negotiating phase during an overtake). 
The physical procedures that are required in order undertake the manoeuvre (e.g. 
change gear, steer out to offside of road, apply pressure to throttle to increase speed. 
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etc.) are selected once the relevant information has been gathered at the driving 
procedures leveL 
The above application of the model to an overtaking manoeuvre has shown how it can 
be adapted to suit different driving situations. The different levels of the hierarchy 
(general, phase of manoeuvre, driving procedures and physical procedures) and their 
variables (vehicle, driving style, route, manoeuvre, direction of turn) have provided 
enough detail to account for the different elements of the manoeuvre. In order to 
develop an all-inclusive model of operational control in driving it is necessary to study 
a wide range of manoeuvres in depth to arrive at a comprehensive list of variables, 
driving procedures and physical procedures. 
8.5.0 Implications for Road Safety 
The implications of the present research for individuals involved in road safety are 
presented here. Interested groups that may benefit from these findings would include 
traffic psychologists, driver trainers, road designers and road safety officers. The 
implications of the present findings are discussed in relation to two topics: 1) Drivers' 
Expectancies and 2) Information for Drivers. 
8.5.1 Drivers' Expectancies 
Schema theory proposes the concept of slots to store recurrent information (Morton 
and Bekerian, 1986) and also argues that when an individual encounters an event they 
have encountered frequently before, and therefore stored in a schematic fashion, these 
slots are filled with default values. This gives rise to the notion that when people start 
to experience a familiar event they will have expectations of what will transpire. As 
outlined above, the presence of slots within the drivers' use of driving procedures and 
physical procedures was shown during their negotiation of urban roundabouts. Also. 
the second protocol study (Chapter 4, pg 89) showed that drivers reduced the number 
of variable driving procedures they mentioned across the four drives. It is possible 
that as the drivers became familiar with the roundabouts they were fonning 
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expectations of the characteristics they were likely to encounter during the later drives 
and therefore not including extraneous information in their protocols. 
Rasmussen's (1987) three level theory of error (knowledge rule and skill) predicts that 
as people gain skill in a domain less conscious problem solving takes place as they 
carry out well-learned procedures. This process should pose relatively few problems 
when drivers encounter junction configurations that conform to their expectations but 
unusual layouts that are unfamiliar to the driver would cause them to have to change 
to knowledge based behaviour. During the time it takes for a driver to realise that 
something does not conform to their expectations and switching to conscious problem 
solving, errors in their behaviour may have occurred. The congruency between a 
schema and the incoming information has been studied by manipulating the stimulus 
by Morris, Stein and Bransford (1978). U sing simple stories, Morris et al. (1978) 
described characters that were either consistent or inconsistent with their physical 
attributes (e.g. The strong man lifted the piano; The fat man got stuck in the cave; or, 
The bald man got stuck in the cave; The old man lifted the piano). After reading the 
initial passage participants read a second story, which referred to the activities of the 
characters. Recall was found to be better when character appropriate situations were 
described. 
Studies of expertise have also shown how unfamiliar information can affect 
performance. Following on from earlier work (de Groot, 1978) investigating chess 
Chase and Simon (1973) showed that there were major skill differences in regard to 
recall ofbrietly shown game positions. They introduced an important control 
condition, showing the participants structured, game like positions as well as random 
arrangements of pieces. The advantage in recall with structured positions that the 
experts had displayed disappeared when random positions were reconstructed. Chase 
and Simon (1973) proposed the hypothesis that chess skill depended on a large 
knowledge base indexed through thousands of familiar chess patterns. They theorised 
that pattern recognition improves the search in memory for suitable moves, enabling 
the skilled player to examine promising paths, but leaving the less skilled to wander 
down less productive paths (Charness, 1991). 
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In a driving experiment that used four deceleration conditions (fast and expected. fast 
and unexpected, slow and expected, and slow and unexpected) of a leading vehicle. 
van der Hulst et al (1999) found that in the expected deceleration condition drivers did 
not wait until the lead car actually decelerated but increased their headway in advance. 
even though initial headway was rather long already. The data produced by the 
instrumented car (Chapter 7) indicated that the use of controls was not processed in a 
closed loop manner as non-adjacent physical procedures were correlated. This 
indicates that there may be an element of open loop processing occurring and 
therefore the drivers were forming expectations relating to when they would need to 
use the controls. As there were some roundabouts in the protocol and error studies 
that did not conform to a normative, four exit, British roundabout some evidence of 
how an unfamiliar junction layout can affect drivers' behaviour may be apparent. 
The data collected during the first protocol study (Chapter 3) showed that the expert 
drivers mentioned significantly fewer driving procedures at a Roundabout 2 where 
they followed the road ahead, taking the first exit (which is an unusual layout). than 
where they turned left (Roundabout 3) or where they followed the road ahead, taking 
the second exit (Roundabouts 4 and 5). This significant difference in the numbers of 
driving procedures mentioned by the drivers during the negotiation of roundabout :2 
compared with the other more conventionally laid out roundabouts was displayed in 
Chapter 3 (Figure 3.6). It is unlikely that amount of traffic encountered at the 
different roundabouts was a factor as it did not correlate with the number of comments 
made by the drivers. If the layout of Roundabout 2 conformed closer to either a left 
turn (Roundabout 3) or following the road ahead (Roundabouts 4 and 5) the numbers 
of procedures mentioned may also have conformed. 
The numbers of errors made by the learner drivers at Tesco Roundabout (Roundabouts 
2 and 9, see Figure 5.2) on their first observed drive (Chapter 6) varied tremendously 
when on the outward trip (106) compared to the return trip (64) to the university 
despite following the road ahead on both occasions. The difference between the two 
manoeuvres was that on the outward trip following the road ahead was the third exit 
(the second being an entrance to a hotel) instead of the normal second. This unusual 
layout may have been a factor leading to a higher number of errors being committed. 
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Roundabouts also vary according to their give-way rules as w 11 h 
east e number of 
exits they may have. An example of such a roundabout is dISp· I d bel . aye ow (FIgure 
8.4). 
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For the roundabout displayed above (Figure 8.4) the give-way rules are dependent on 
the direction from which you approach the junction and the direction of turn you wish 
to take. If a driver were to approach from Henwood Road intending to turn left onto 
Compton Road the junction confonns to a normative roundabout as the driver would 
need to give-way to traffic on their immediate right. If the direction of turn chosen 
was to follow the road ahead, going onto Bridgnorth Road, the driver would need to 
first give-way to the right and then give-way to the left to traffic once they were 
actually negotiating the roundabout; a highly unusual situation to encounter. A 
second variation on the give-way rules would be drivers approaching the roundabout 
on Bridgnorth Road as they do not need to give-way at all. A roundabout such as this 
would affect the driving procedures and physical procedures that the drivers would 
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use in order to negotiate the roundabout. Driving instructors often refer to this type of 
roundabout as 'reverse priority'. When training drivers it is important, once they are 
competent on normative roundabouts, to make them aware of the variations they may 
encounter. This would be achieved by either making use of such roundabouts in their 
training area or, if this is not possible, other training aids (e.g. pictures, diagrams. the 
driving manual). To reduce the likelihood of incidents occurring at unusual junctions 
such as the one illustrated above (Figure 8.4) road designers need to assess what 
information they need to give drivers when they are approaching the junction. Issues 
relating to drivers' information are discussed below. 
8.5.2 Information for Drivers 
It has been discussed above how the procedural knowledge embedded in a schema 
(the default values) can lead to a driver having expectations about a particular 
situation. Drivers have developed these schemas through extracting information from 
a driving scenario on several occasions. The consistent manner in which drivers 
produce information (i.e. which driving procedures are mentioned) about what they 
consider relevant to their driving (Chapters 3 and 4) whilst producing concurrent 
verbal protocols suggests that the drivers were making use of a similar structure. 
Using the structure generated by the task analysis (Chapter 2) and the procedural 
information embedded in the driving procedures (e.g. Driving Procedure #7 
Observation: check the roundabout for a suitable gap for continuing into the junction) 
to assess learner drivers' errors it is possible to identify where a group oflearner 
drivers may be having difficulties. A combination of coding the data using the coding 
scheme generated by the task analysis (Chapter 2) and Principal Components 
Analyses (Chapters 5 & 6) showed that the numbers of errors that were made in 
relation to the three of the driving procedures differed according to the direction of 
turn. The names of these three driving procedures along with their re-descriptions 
(taken from the task analysis) are displayed below (Table 8.2). It was found that the 
learner drivers on their first observed drive were positioning incorrectly when 
following the road ahead and signalling incorrectly when turning right during the 
h ~ h b d drive when negotiating phase of the manoeuvre (Chapter 5). On t e 10urt 0 serve . 
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the learner drivers were close to test-standard, they were still having difficulty during 
the negotiating phase whilst undertaking a right-hand turn at roundabouts (Cha t 6 per . 
Table 6.5). It is interesting to note that out of the total number of errors that were 
covered by the coding scheme on the fourth drive, 268, 155 (58%) involved either 
looking for information (making observations and mirror checks) or giving 
information (signalling). 
Table 8.2: Com~onent 4 Driving Procedures 
10. Position taken up: adopt the correct position in the roundabout in relation to the 
information gathered during Procedure 1 (Advance Information) and the goal stated during Procedure 
2 (Intended Direction). 
12. Mirrors: use the interior mirror, wing mirrors and blindspots as necessary to check where other 
road users are. 
17. Signal to leave junction: apply a left-turn signal to inform other road users 
As a large proportion of the errors that learners were making during the fourth 
observed drive involved the use of information, it is worth looking at how expert 
drivers are taught to process driving information in order to negotiate a junction or 
hazard safely. The police driving manual, Roadcraft (Coyne, 1994) refers to taking, 
using and giving information and suggests that drivers make an assessment of what 
they need to do and then decide on the next action using the Police System of Car 
Control as a guide. The system described in the police driving manual (Coyne, 1994) 
has five phases: information, position, speed, gear and acceleration. F or drivers at an 
advanced level these five phases may be enough to trigger the strategies or schemas 
stored in a form of long-term working memory such as that put forward by Ericsson 
and Kintsch (1995). However, for drivers who have not yet developed their skills and 
are at a knowledge based level of information processing (Rasmussen, 1987) a more 
explicit description is required, to develop the structure of operational driving for 
roundabouts identified during this thesis. 
To help develop improved information processing it is important that experienced 
learner drivers are exposed to as many complex situations as possible so that they 
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have the skills required to make an informed decision about what they are about to do. 
That is to form the appropriate schemas to enable the correct driving procedure or 
physical procedure to be undertaken. This information is relevant to driver trainers as 
those who prepare their learner drivers solely to pass a driving test at a centre located 
away from a major town or city centre may have failed to ensure the pupil has 
appropriate information processing allowing safe driving under more complex road or 
traffic conditions. 
Another form of information processing is the use of advance information. During the 
driving task this is gained by the act of scanning the environment to look for clues that 
would alert a driver to a possible change in the circumstances ahead (e.g. road signs, 
movement of traffic, direction of hedgerows). The driver needs to decide what that 
change in circumstances is likely to be, for example a roundabout or a right-hand 
bend. When scanning the environment drivers may commit what Reason (1990) 
classed as monitoring errors. In a complex situation for example, a driver may be 
watching a pedestrian by a crossing and fail to observe a vehicle pulling into their path 
from a side road. Having observed a hazard a driver may then commit what Reason 
(1990) described as a problem solving error (those that occur when inappropriate rules 
are applied). An example of such an error would be a driver observing a crossroads 
ahead and positioning as if to turn right into a side road and therefore not leaving 
enough room for vehicles in the opposite direction to make their right-hand turns. 
Before a driver can carry out driving and physical procedures they must be certain of 
what they are about to deal with. In order to have this knowledge they need to 
observe the relevant information and to use that information to identify what type of 
hazard they are dealing with. Visual search and hazard awareness are two important 
areas of driving that have already been the subject of empirical investigations. 
Underwood, Crundall and Chapman (1997), for example, found that novice drivers' 
(mean experience 0.2 years) search strategies differed from experienced drivers 
suggesting that novice drivers may not yet have developed the flexible approach to 
viewing dynamic scenes required in real world of driving. Their research shows that 
it is important for instructors to train their pupils to be aware of these search strategies. 
By using the coding scheme generated in this thesis to assess drivers in conjunction 
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with visual search data it may be possible to determine what specific types of driving 
errors novice drivers may be making as a result of their possibly incomplete or 
inaccurate visual search strategies. If similar methodologies were used as described in 
this thesis, for example a coding scheme generated by a task analysis followed by 
principal components analyses, this could produce specific information in relation to 
learners' errors of observation, which could be used to help trainers develop more 
effective methods to correct those errors. 
The combination of collecting visual search data and the assessment of driving 
procedures could also be used as a methodology with experienced drivers to assess 
whether a particular junction layout is suitable in terms of the information it provides 
for the drivers. One area that would be interesting to study would the use of three 
unmarked lanes on the approach to roundabouts that have a normative layout (see 
Figure 8.5). The Highway Code gives the following advice (The Stationary Office, 
1999, Rule 162, pg 44): "When taking any intermediate exit approach in the left -hand 
lane or centre lane on a three lane road. Stay in this lane until you need to alter course 
to exit the roundabout." Therefore, a driver may follow the road ahead using the left-
hand lane at the same time as another driver uses the middle lane. Ifneither of the 
drivers is aware of the potential problem a near miss or even a collision may occur. 
Using the methodology suggested above it could be determined the extent to which 
drivers are using the different lanes when heading to the same exit. If a problem is 
identified drivers could then be provided with lane markings to help them with their 
decision-making. If the junction is at a busy location an information sign may be 
required as well because the lane markings could be covered by queuing traffic. 
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Once a driver has observed and made a decision upon the nature of a hazard a suitable 
schema would then be instantiated. The schema selected would then search for 
relevant information (information that would match its default values); if there is not 
enough information to ensure the selected schema is the most appropriate one 
available another schema may be instantiated instead. Once the correct schema has 
been found others at the same level will be switched off (Morton and Bekerian, 1986). 
The information flow that may be taking place when a driver negotiates a hazard 
could be as follows: identifying the hazard, deciding what it is, remembering their 
goals, noting the environmental characteristics (e.g. traffic lights at a set of 
crossroads) and instantiating the correct parent and child schemas. This process would 
then determine which driving procedures and physical procedures the driver would 
use. 
Groeger (2000) has been developing a four-facet framework that has the following 
elements: 1) Implied Goal Interruption, 2) Appraisal of Future Interruption, 3) Action 
Planning and 4) Implementation. This framework provides a detailed account of how 
drivers may be processing information and has been tested using a large battery (30) 
of tests, ranging from psycho-motor aspects of driving (e.g. eye-foot coordination) to 
hazard perception tests. In addition to laboratory tests, the model has perfonned welJ 
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when it was used to predict the actual driving behaviour of 100 drivers (Groeger. 
2000). Drivers were required to drive their own vehicle along a mixed 20-mile 
suburban-rural route, while accompanied by a retired state driving examiner. Ignoring 
demographics such as age and gender, 41 % of the driver ability ratings made by the 
examiner were predictable from the model. If all the model's parameters are 
considered first and then the driver's age is taken into account, the model accounted 
for 47% of the variance in driving ability. 
This four-facet framework has enormous potential as it identifies which characteristics 
in a driver's make-up will affect the way that they drive. This thesis has shown that 
people drive a car by carrying out specific patterns of driving procedures and physical 
procedures and it is likely that these relate to the action planning and implementation 
facets of Groeger's four-faced framework. Groeger's framework could be used in 
conjunction with the structure developed here to determine what variables may have 
been responsible for the expertise effects identified during the protocol studies 
(Chapters 3 and 4). Once those variables are elucidated it would then be possible to 
use them to help develop effective training programmes for those involved in licensed 
driver training (e.g. advanced driving, police driving schools, fleet training 
organisations). 
The discussion above has shown how procedural information contained within the 
driving procedures developed by the task analysis can be used in a variety of ways, 
including training drivers, assessing drivers or testing the suitability of a particular 
junction. It is thought that the likely flow of information drivers would use is as 
follows: identifYing the hazard, deciding what it is, remembering their goals, noting 
the environmental characteristics (e.g. traffic lights at a set of crossroads) and 
instantiating the correct parent and child schemas. As many of the processes involved 
in this sequence (e.g. hazard perception) can not be accounted for here, because the 
level of study has been confined to the operational level of driving, it has been 
suggested that using a framework such as that suggested by Groeger (2000) would be 
useful for studying drivers in order to identifY individual or group differences that 
may have an effect on how drivers behave at the operational level of driving. 
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8.6.0 Summary and Conclusions 
The model of operational control developed in this thesis has four levels (general 
driving, phase of manoeuvre, driving procedures and physical procedures) and two 
confirmed variables (manoeuvre and direction of turn). The vehicle used, driving 
style and route are three possible variables at the general level of driving. The model 
developed above has successfully identified two effects in drivers' use of driving 
procedures and physical procedures: expertise (experts mentioned more procedures 
and were affected by the direction of turn), and practice (drivers mentioned fewer 
variable driving procedures and learner drivers committed less errors at roundabouts 
across the four drives studied). Once this model of operational behaviour has been 
fully developed to include confirmation of the nature of the general level of driving 
and a wider range of manoeuvres it could be used to test many different hypotheses in 
order to identify where different groups of drivers may exhibit different behaviours 
(e.g. drivers who drive at higher speeds could be identified by later. heavier braking 
during the approaching phase to a junction). 
It has been shown in this thesis how an extensive knowledge of the procedures used 
by drivers can be used to determine the procedural knowledge that they have 
(embedded in the slots of driving schemas) and how this knowledge may interact with 
the environment they may encounter. Studying how drivers implement their driving 
procedures and physical procedures can be used to investigate many issues such as: 
novice driver development, the characteristics of expertise, visual search in driving, 
road design and theories of memory and attention, for example the way that a 
secondary task affects the use of procedures could be examined using the 
methodologies described in this thesis and possibly shed light upon the safety of 
mobile phone use during driving. Effective methods for reducing the number of errors 
in relation to specific procedures could be generated after examining error data for 
other driving scenarios and disseminating the value of their implementation to driver 
trainers. 
The results from the empirical chapters have indicated that driving may be schematic 
in nature rather than conforming to the three-level model of cognitive control offered 
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by van der Molen and Botticher (1988). Norman's ATS theory (1981) with its 
concept of parent and child schemas offers an interesting account of how driving 
schemas may be structured. By studying a wide range of driving manoeuvres it may 
be possible to determine how many different procedures may be required and how 
they interact. This information would then give us an indication of how a complex 
skill may be structured using a network of schemata. 
In conclusion this thesis has raised three important issues for psychologists studying 
driver behaviour: 1) that the operational level of car control may be more complex 
than the model offered by van der Molen and Botticher (1988),2) that driving may be 
schematic in nature and 3) the importance of using and then validating a task analysis 
when designing empirical studies of a complex task. 
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Appendix 1: Instructions and Anova Tables for Chapter 3 
Instructions to Participants 
After the cameras were attached to the car and the participant was wearing the tie-clip 
microphone the following question was asked: 
"Do you know what a commentary drive is?" 
If the participant answered ''No'' they were infonned that a commentary drive 
involved a driver thinking aloud about their driving whilst carrying out the task and 
the explanation below was given. If the participant answered ''yes'' the explanation 
below provided clarification about what was required during the experiment: 
"A commentary drive involves thinking aloud whilst driving. You should include 
anything that you consider to be relevant. I shall ask you to begin thinking aloud 
when we are about to pass a set of zig-zag lines on the approach to the first 
roundabout. I shall say 'I would like you to start thinking aloud now please.' You 
will then be required to think aloud until I request that you stop." 
The participants were then left to verbalise, without any prompting, until being 
requested to finish thinking aloud after leaving the fifth roundabout; zigzag lines also 
marked this finishing point. 
Analysis of Variance Tables 
Number of Comments by Phase of Manoeuvre 
Sum of Mean 
Source Squares d.£ Square F Significance 
Phases 19631.13 2 9815.56 292.85 p < .01 
Error 2949.54 88 33.52 
Numbers of Comments by Roundabout 
Tests of Between-subject effects 
Sum of Mean 
Source Squares d.£ Square F Significance 
Type 1713.66 1 16411.74 554.58 p < .01 
Error 1272.5 43 29.59 
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Tests of Within-subject effects 
Sum of Mean 
Source Squares d.f. Square F Significance 
Rounds 675.57 4 168.89 22.24 p < .01 
R*Type 135.7 4 33.92 4.47 p < .01 
Error 1272.5 172 7.59 
Numbers of Procedures Mentioned by Roundabout 
Tests of Between-subject effects 
Sum of Mean 
Source Squares d.f. Square F Significance 
Type 532.07 1 532.07 37.94 p < .01 
Error 589.03 42 14.02 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.f. Square F Significance 
Rounds 273.88 4 68.47 26.22 P < .01 
R*Type 66.95 4 16.74 6.41 P < .01 
Error 438.76 168 2.61 
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Numbers of Procedures Mentioned by Experts by Roundabouts 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.£ Square F Significance 
Rounds 387.53 4 96.88 33.94 p < .01 
Error 296.87 104 2.85 
Numbers of Procedures Mentioned by Experienced Drivers by Roundabouts 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.£ Square F Significance 
Rounds 33.72 4 8.43 3.8 p < .01 
Error 141.88 104 2.22 
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Appendix 2: Analysis of Variance Tables for Chapter 4 
Anova Tables 
Ancova: Numbers of Co rnments with Time as a Covariate 
Tests of Between-subject effects 
Sum of Mean 
Source Squares d.£ Square 
Type 2927.64 1 2927.64 
Regression 20.4 1 20.4 
Error 3828.37 20 191.42 
Regression analysis for WITlllN+RESIDUAL error term 
--- Individual Univariate .9500 confidence intervals 
Dependent variable .. T 1 
F 
15.29 
.11 
COVARIATE B Beta Std. Err. t-Value 
T5 -.05001 -.05941 .153 -.326 
COVARIATE Lower -95% CL- Upper 
T5 -.370 .270 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.f. Square F 
Drives 901.05 3 300.35 11.91 
Type*D 68.65 3 22.88 .91 
Regression .45 1 .45 .02 
Error 1563.93 62 25.22 
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Significance 
p = .001 
p = .747 
Sig. oft 
.747 
Significance 
P < .01 
P = .443 
P = .894 
Ancova: Numbers of Comments with Traffic as a Covariate 
Tests of Between-subject effects 
Sum of Mean 
Source Squares d.f. Square 
Type 2913.39 1 2913.39 
Regression 168.12 1 168.12 
Error 3656.48 19 192.45 
Regression analysis for WITHIN+RESIDUAL error term 
--- Individual Univariate .9500 confidence intervals 
Dependent variable .. T1 
COVARIATE B Beta Std. Err. 
T5 .30632 .15643 .328 
COV ARIATE Lower -95% CL- Upper 
T5 -.380 .992 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.f Square 
Drives 909.3 3 303.1 
Type*D 107.35 3 35.78 
Regression 31.79 1 31.79 
Error 1453.25 59 24.63 
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F Significance 
15.14 p = .001 
.87 p = .362 
t-Value Sig. oft 
.935 .362 
F Significance 
12.31 P < .001 
1.45 P = .237 
1.29 P = .261 
Anova: Recurrent Procedures by Driver Type and Roundabout 
Tests of Between-subject effects 
Sum of Mean 
Source Squares d.£ Square F Significance 
Type 100.83 1 589.63 92.7 p < .001 
Error 139.93 22 6.36 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.£ Square F Significance 
Rounds 20.2 4 5.05 3.94 p < .01 
R*Type 14.67 4 3.67 2.86 p < .05 
Error 112.73 88 1.28 
Ancova: Numbers of Variable Comments with Time as a Covariate 
Tests of Between-subject effects 
Sum of Mean 
Source Squares d.£ Square F Significance 
Type 194.93 1 194.93 2.88 p = .105 
Regression 56.52 1 56.52 .84 p = .372 
Error 1352.84 20 67.64 
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Regression analysis for WITHIN+RESIDUAL error term 
--- Individual Univariate .9500 confidence intervals 
Dependent variable .. T 1 
COV ARIATE B Beta Std.Err. t-Value Sig. oft Lower -95% CL- Upper 
T5 .08325 .19920 .091 .914 .372 -.107 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.£ Square F 
Drives 233.39 3 77.80 2.60 
Type*D 60 3 20 .67 
Regression 11.61 1 11.61 .39 
Error 1854.57 62 29.91 
Ancova: Numbers of Variable Comments with Traffic as a Covariate 
Tests of Between-subject effects 
Sum of Mean 
Source Squares d.f. Square 
Type 324.35 1 324.35 
Regression 112.48 1 112.48 
Error 1398.29 20 69.61 
Regression analysis for WITHIN+RESIDUAL error term 
___ Individual Univariate .9500 confidence intervals 
Dependent variable .. T 1 
F 
4.64 
1.61 
.273 
Significance 
p= .06 
p = .575 
p = .535 
Significance 
P < .05 
p = .219 
COVARIATE B Beta Std. Err. t-Value Sig. oft Lower -95% CL- Upper 
T5 .24858 .24685 .196 1.268 .219 -.160 .657 
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Tests of Within-subject effects 
Sum of Mean 
Source Squares d.f ~quare F Significance 
Drives 283.52 3 94.51 3.22 p < .05 
Type*D 139 3 46.33 1.58 p = .204 
Regression 50.75 1 50.75 1.73 p = .194 
Error 1821.12 62 29.37 
Manova: Numbers of procedures mentioned by type, phase, roundabout and drive 
Tests of Between-subject effects 
Sum of Mean 
Source Squares d.f Square F Significance 
Type 306.17 1 306.17 25.26 p < .001 
Error 266.67 22 12.12 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.f S~uare F Significance 
Phase 3252.05 2 1626.02 387.75 P < .001 
P*Type 88.94 2 44.47 10.6 P < .001 
Error 184.51 44 4.19 
Sum of Mean 
Source Squares d.f Square F Significance 
Round 168.41 4 42.1 32.98 p < .001 
R*Type 26.31 4 6.58 5.15 p = .001 
Error 112.34 88 1.28 
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Sumo f Mean 
Source Squares d.f. Square F Significance 
Drive 14.48 3 4.83 2.44 p= .72 
D*Type 5.34 3 1.78 .9 p = .446 
Error 130.36 66 1.97 
Sum of Mean 
Source Squares d.f. Square F Significance 
P*Round 150.13 8 18.77 21.27 P < .001 
P*R*Type 7.92 8 .99 1.12 p= .35 
Error 155.28 176 .88 
P = Phase, R = Round 
Sum of Mean 
Source Squares d.f. Square F Significance 
R*Drive 7.8 12 .68 .9 p = .545 
R*D*Type 5.12 12 .43 .58 P = .859 
Error 194.88 264 .74 
Sum of Mean 
Source Squares d.t: Square F Significance 
P*R*Drive 13.46 24 .56 .77 p = .778 
P*R*D*T 14.77 24 .62 .84 P = .681 
Error 385.36 528 .73 
P = Phase, R = Round, D = Drive, T = Type 
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Appendix 3: Instructions, Principal Components Tables and 
Analysis of Variance Tables for Chapter 5 
Instructions to Participants 
On their first visit to the university, before the learner driver was asked to drive 
around the route, the professional instructor or accompanying adult was taken on a 
familiarization drive to help ensure they were able to keep to the route whilst teaching. 
During the drive with the learners the instructors were given a copy of the route that 
consisted of an A-Z page enlarged with the route highlighted on it. 
After the cameras were attached to the car and the instructor was wearing the tie-clip 
microphone the ADI sat in the back seat of the car, behind the driving seat. The 
instructor was given a copy of the route and was encouraged to give the pupil the sort 
of lesson they ordinarily would do on a route of this sort. The observing ADI then 
remained silent until the drive was completed. 
Initial Analysis Principal Components Analyses Tables 
Total Variance Explained 
Initial Extraction 
Eigenvalues Sums of 
Squared 
Loadings 
Component Total %of Cumulative Total % of Variance Cumulative % 
Variance % 
1 4.615 30.769 30.769 4.615 30.769 30.769 
2 1.773 11.823 42.592 1.773 11.823 42.592 
3 1.455 9.70] 52.292 1.455 9.701 52.292 
4 1.295 8.635 60.927 1.295 8.635 60.927 
5 1.113 7.417 68.345 1.113 7.417 68.345 
6 1.012 6.749 75.094 1.012 6.749 75.094 
7 .987 6.582 81.676 
8 .803 5.353 87.029 
9 .704 4.696 91.725 
10 .507 3.380 95.105 
1 1 .388 2.586 97.691 
12 .346 2.309 100.000 
13 9.459E-17 6.306E-16 100.000 
14 -1.608E-16 -1.072E-15 100.000 
15 -3.968E-16 -2.645E-15 100.000 
Extraction Method: Principal Component Analysis. 
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Component Matrix 
Component 
1 2 
MBA -7.794E-02 .130 
SA -.104 -.421 
PA -.179 -.378 
SPA -6.004E-02 .240 
OA 5.905E-02 .832 
PN -1.499E-02 .254 
MBN -8.376E-02 -.257 
ORU .990 -2.972E-02 
CE .990 -2.972E-02 
SIGL -.149 -9.281E-02 
PL -2.018E-02 .131 
RA .990 -2.972E-02 
MBL .781 -5.871E-02 
SPD .990 -2.972E-02 
SPL -1.733E-03 .723 
3 4 5 6 
.199 .790 7.440E-03 -3.520E-02 
.586 -.270 -.136 .129 
.678 -.121 .165 .234 
.503 -.124 -.474 -.211 
.228 4.951E-02 7.852E-02 .215 
.327 .130 .185 -.754 
.126 .278 .725 .104 
3.564E-02 4.559E-02 3.265E-03 5.288E-02 
3.564E-02 4.559E-02 3.265E-03 5.288E-02 
.154 .631 -.434 .299 
-.274 -7.641E-02 -.174 .176 
3.564E-02 4.559E-02 3.265E-03 5.288E-02 
.136 -7.912E-02 -4.368E-02 -.174 
3.564E-02 4.559E-02 3.265E-03 5.288E-02 
.248 -.230 .238 .329 
Extraction Method: Principal Component Analysis. 
a 6 components extracted. 
Oblique Rotation 
Component Matrix 
Component 
1 2 3 4 5 6 
MBA -7.794E-02 .130 .199 .790 7.440E-03 -3.520E-02 
SA -.104 -.421 .586 -.270 -.136 .129 
PA -.179 -.378 .678 -.121 .165 .234 
SPA -6.004E-02 .240 .503 -.124 -.4 74 -.211 
OA 5.905E-02 .832 .228 4.951E-02 7.852E-02 .215 
PN -1.499E-02 .254 .327 .130 .185 -.754 
MBN -8.376E-02 -.257 .126 .278 .725 .104 
ORU .990 -2.972E-02 3.564E-02 4.559E-02 3.265E-03 5.288E-02 
CE .990 -2.972E-02 3.564E-02 4.559E-02 3.265E-03 5.288E-02 
SIGL -.149 -9.281E-02 .l54 .631 -.434 .299 
PL -2.018E-02 .131 -.274 -7.641E-02 -.174 .176 
RA .990 -2.972E-02 3.564E-02 4.559E-02 3.265E-03 5.288E-02 
MBL .781 -5.871E-02 .136 -7.912E-02 -4.368E-02 -.174 
SPD .990 -2.972E-02 3.564E-02 4.559E-02 3.265E-03 5.288E-02 
SPL -1.733E-03 .723 .248 -.230 .238 .329 
Extraction Method: Principal Component Analysis. 
a 6 components extracted. 
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Pattern Matrix 
Component 
1 2 3 4 5 6 
MBA 3.690E-05 6.293E-02 -.130 .751 .150 -.239 
SA -1.751E-03 -9.877E-02 .778 -5.378E-02 -.160 6.086E-02 
PA -5.584E-02 7.624E-02 .839 3.061E-02 .155 2.076E-02 
SPA -2.438E-02 .148 .259 .102 -.644 -.260 
OA 4.967E-02 .853 -.106 .129 -7.765E-02 -3.728E-02 
PN -5.382E-02 1.749E-02 -.151 -3.917E-02 -.107 -.899 
MBN -4.018E-02 4.634E-02 .184 6.742E-02 .787 -.132 
ORU .995 2.417E-02 -1.739E-02 2.267E-02 2.540E-02 4.830E-02 
CE .995 2.417E-02 -1.739E-02 2.267E-02 2.540E-02 4.830E-02 
SIOL -2.822E-02 -8.944E-02 9.271E-02 .813 -.141 .249 
PL -4.966E-02 5.332E-02 -.192 -2.722E-02 -.114 .285 
RA .995 2.417E-02 -1.739E-02 2.267E-02 2.540E-02 4.830E-02 
MBL .774 -6.760E-02 4.240E-02 -9.862E-02 -.119 -.160 
SPD .995 2.417E-02 -1. 739E-02 2.267E-02 2.540E-02 4.830E-02 
SPL -1.771E-02 .897 8.368E-02 -.144 4.141E-02 7.629E-02 
Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser 
Normalization. 
a Rotation converged in 9 iterations. 
Structure Matrix 
Component 
1 2 3 4 5 6 
MBA -5.11OE-02 9.298E-02 -6.840E-02 .769 .172 -.293 
SA -5.203E-02 -.166 .773 -3.334E-02 -.137 -3.322E-02 
PA -.120 -2.265E-02 .837 7.158E-02 .166 -.119 
SPA -4.052E-02 .208 .275 .123 -.636 -.282 
OA 3.737E-02 .876 -.186 .135 -.158 -.101 
PN -4.454E-03 .118 -1.893E-02 3.031E-02 -6.261E-02 -.867 
MBN -5.830E-02 -3.593E-02 .221 .108 .795 -.211 
ORU .991 8.266E-03 -9.542E-02 -7.120E-02 1.584E-02 7.002E-03 
CE .991 8.266E-03 -9.542E-02 -7.120E-02 1.584E-02 7.002E-03 
SIOL -.116 -9.249E-02 9.528E-02 .794 -.126 .186 
PL -4.489E-02 5.979E-02 -.239 -5.506E-02 -.140 .320 
RA .991 8.266E-03 -9.542E-02 -7.120E-02 1.584E-02 7.002E-03 
MBL .787 -5.736E-02 1.204E-02 -.158 -.108 -.176 
SPD .991 8.266E-03 -9.542E-02 -7.120E-02 1.584E-02 7.002E-03 
SPL -2.403E-02 .877 -2.018E-02 -.130 -5.155E-02 -1.031E-03 
Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser 
Normalization. 
Component Correlation Matrix 
Component 1 2 3 4 5 6 
1 1.000 -1.155E-02 -7.028E-02 -9.075E-02 -4.667E-03 -3.882E-02 
2 -1.155E-02 1.000 -9.923E-02 1.578E-02 -9.730E-02 -8.347E-02 
3 -7.028E-02 -9.923E-02 1.000 3.912E-02 2.206E-02 -.149 
4 -9.075E-02 1.578E-02 3.912E-02 1.000 2.306E-02 -8.082E-02 
5 -4.667E-03 -9.730E-02 2.206E-02 2.306E-02 1.000 -5.587E-02 
6 -3.882E-02 -8.347E-02 -.149 -8.082E-02 -5.587E-02 1.000 
Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser 
Normalization. 
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Approaching Phase Principal Components Analyses 
Total Variance Explained 
Initial Extraction 
Eigenvalues 
Component Total % of Cumulative 
Variance % 
1 1.506 30.129 30.129 
2 1.219 24.373 54.502 
3 .978 19.553 74.055 
4 .720 14.403 88.458 
5 .577 11.542 100.000 
Extraction Method: Principal Component Analysis. 
Component Matrix 
Component 
1 2 
MBA -.213 .490 
SA .801 .161 
PA .782 .188 
SPA .175 .669 
OA -.421 .686 
Extraction Method: Principal Component Analysis. 
a 2 components extracted. 
Oblique Rotation 
Pattern Matrix 
Component 
1 2 
MBA -6.254E-02 .529 
SA .814 -6.090E-02 
PA .803 -2.987E-02 
SPA .361 .597 
OA -.205 .774 
Sums of 
Squared 
Loadings 
Total 
1.506 
1.219 
% of Cumulative 
Variance % 
30.129 30.129 
24.373 54.502 
Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser 
Normalization. 
a Rotation converged in 6 iterations. 
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Structure Matrix 
Component 
1 2 
MBA -7.296E-02 .530 
SA .815 -7.693E-02 
PA .804 -4.568E-02 
SPA .349 .590 
OA -.221 .778 
Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser 
Normalization. 
Component Correlation Matrix 
Component 1 2 
1 1.000 -1.969E-02 
2 -1.969E-02 1.000 
Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser 
Normalization. 
Negotiating Phase Principal Components Analyses 
Total Variance Explained 
Initial 
Eigenvalues 
Extraction 
Sums of 
Squared 
Loadings 
Component Total % of Cumulative Total 
Variance % 
1 2.025 40.500 40.500 
2 1.059 21.176 61.676 
3 .983 19.665 81.341 
4 .933 18.659 100.000 
5 4.737E-17 9.475E-16 100.000 
Extraction Method: Principal Component Analysis. 
Component Matrix 
Component 
1 2 
PN -5.106E-02 .734 
MBN -.101 .449 
ORU .994 -1.123E-02 
CE .994 -1.123E-02 
SIOL -.187 -.563 
Extraction Method: Principal Component Analysis. 
a 2 components extracted. 
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2.025 
1.059 
% of Cumulative 
Variance % 
40.500 40.500 
21.176 61.676 
Analysis of Variance Analyses: Direction of Tum effects 
Anova: First component by direction of turn 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.£ Square F Significance 
Turn .78 2 .39 1.2 p = .304 
Error 49.89 154 .32 
Anova: Second component by direction of turn 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.£ Square F Significance 
Turn .92 2 .46 2.07 p = .13 
Error 34.41 154 .22 
Anova: Fourth component by direction of turn 
Tests of Within-subject effects 
Sum of Mean 
Source Squares d.£ Square F Significance 
Turn 10.7 2 5.35 14.38 P < .01 
Error 57.3 154 .37 
222 
Appendix 4: Principal Components Analysis Tables for Chapter 6 
Approaching Phase Principal Components Analysis 
Total Variance Explained 
Initial Extraction 
Eigenvalues 
Component Total % of Cumulative 
Variance % 
1 1.564 31.276 31.276 
2 1.089 2l.774 53.051 
3 .969 19.389 72.439 
4 .819 16.376 88.816 
5 .559 11.184 100.000 
Extraction Method: Principal Component Analysis. 
Component Matrix 
Component Matrix 
Component 
1 2 
PA .816 4.698E-02 
SA .793 -9.094E-03 
OA .351 .704 
SPA -.182 .562 
MBA .336 -.525 
Extraction Method: Principal Component Analysis. 
a 2 components extracted. 
Pattern Matrix 
Pattern Matrix 
Component 
1 2 
PA .813 -4.348E-02 
SA .780 -9.689E-02 
OA .477 .663 
SPA -7.443E-02 .580 
Sums of 
Squared 
Loadings 
Total 
l.564 
l.089 
% of Cumulative 
Variance % 
3l.276 31.276 
2l.774 53.051 
Rotation 
Sums of 
Squared 
Loadings 
Total 
1.558 
1.105 
MBA .233 -.560 
Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser 
Normalization. 
a Rotation converged in 7 iterations. 
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Structure Matrix 
PA 
SA 
OA 
SPA 
MBA 
Component 
1 
.816 
.787 
.427 
-.119 
.276 
2 
-.10S 
-.IS6 
.627 
.S86 
-.S78 
Extraction Method: Principal Component Analysis. Rotation Method: Oblimin with Kaiser 
Nonnalization. 
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